SPRAY SYSTEM POWER AUGVENTATI ON SYSTEM FOR ENG NE CONTAI NI NG SPRAY
SYSTEM AND METHOD OF HUM DI FYI NG AIR FI ELD OF THE | NVENTI ON [ 0001] The
present invention relates to a liquid spray system a power
augnent ati on systemthat contains the spray system and nethod for
nore effectively hum difying air and increasing the output of an

engi ne. The spray system and power augnentation system may be used to
I ncrease the output of an engi ne. BACKGROUND [ 0002] A gas turbine
engi ne includes a conpressor that provides pressurized air to a
conbustor. Air is mxed with fuel in the conbustor and ignited,
generating hot conbustion gases. These gases flow to a turbine
section where energy is extracted to power the conpressor and provide

usef ul  WOPFKA YSHETES, ROWER AUGMERTAGTON s Y4983 Holt ERIGIR FREORYA INING
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However, with increased anbient air tenperature often conmes demand

for nore power generation, for exanple, due to high air conditioning

| oads. Therefore, it is desig@hlForar9enetaNgI@Rdi tional power
through auxiliary systens during increased power denmand periods.
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P tha¥ contams the SpIEly 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. Air is mixed with fuel in the combustor and ignited, generating hot combustion
gases. These gases flow to a turbine section where energy is extracted to power the compressor
and provide useful work, such as powering an aircraft.

[0003] Turbine output decreases in proportion to increases in ambient air temperature.
However, with increased ambient air temperature often comes demand for more power
generation, for example, due to high air conditioning loads. Therefore, it is desirable to generate
additional power through auxiliary systems during increased power demand periods.

[0004]  One auxiliary system for increasing power input has nozzles that spray small droplets
of liquid, usually water, toward the inlet duct of the compressor or the compressor bell mouth.
These systems attempt to humidify the air at a new lower temperature, as it enters the gas
turbine. A lower air temperature corresponds to a higher density of the air, and therefore, a
higher mass flow that results in a higher turbine shaft cutput. The amount of liquid that must be
added to the air to sufficiently lower the temperature is determined by the gas turbine air flow
rate, the ambient temperature and humidity conditions.

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

micro-fractures in the metal’s surface and can cause surface pitting. To avoid liquid hitting the



of liquid, usually water, toward the inlet duct of the conpressor or
the conpressor bell nouth. These systens attenpt to humdify the air
at a new |lower tenperature, as it enters the gas turbine. A lower air
tenperature corresponds to a higher density of the air, and
therefore, a higher mass flow that results in a higher turbine shaft
out put. The anount of liquid that nust be added to the air to
sufficiently lower the tenperature is determ ned by the gas turbine
air flowrate, the anmbient tenperature and humdity conditions.
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oper ati ogo08] To attempt to solve this problem, existing nozzle arrays may have multiple stages.
Each liquid-carrying pipe of the array may have a plurality of nozzles for spraying the liquid
mist. A number of pipes are manifolded together or are in communication to form a stage. A
stage is simply a number of nozzles connected to a single liquid source that are independenily
controllable. The General Electric SPRITS™ system; a conventional system, contains five
stages. In that system, when stage one is activated, liquid runs to the pipes manifolded together
to form stage one and liquid is sprayed from only those nozzles. Other stages may then be
activated with or without deactivating stage one.
[0009]  Conventional systems often suffer from local oversaturation and under humidification.
These problems result from too many nozzles activated versus the required water flow rate.
Conventional arrays are designed in a way such that the air/water ratio is balanced only with

respect to the entire cross-sectional area of the duct or flow area of the air.



[ 0008] To attenpt to solve this problem existing nozzle arrays nmay
have mul tiple stages. Each liquid-carrying pipe of the array may have
a plurality of nozzles for spraying the liquid mst. A nunber of

pi pes are mani fol ded together or are in conmunication to forma
stage. A stage is sinply a nunber of nozzles connected to a single
liquid source that are independently controllable. The General
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stages. In that system when stage one is activated, liquid runs to
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before nearing the turbine. [0012]In one enbo i ment, the preSent

i nvent i G COMBE? PASFRBALIAE PlPASSgRstaunlet Bhe passage is configured to allow the

passage of air through the passage. A turbine is positioned downstream of the air inlet. A nozzle
array is positioned downstream of the air inlet and upstream of the turbine. The nozzle array
comprises a plurality of stages and defines a plurality of subsections of a cross section of the
passage through which air passes as it moves through the nozzle array toward the turbine. Each
stage comprises a plurality of nozzles configured to humidify the air moving through the

subsections by spraying liquid. Each stage is configured to spray varying amounts of liquid and



system conpri ses a passage having at |least one air inlet. The passage
is configured to allow the passage of air through the passage. A
turbine is positioned downstreamof the air inlet. A nozzle array is
positi oned downstream of the air inlet and upstream of the turbine.
The nozzle array conprises a plurality of stages and defines a
plurality of subsections of a cross section of the passage through
which air passes as it noves through the nozzle array toward the
turbine. Each stage conprises a plurality of nozzles configured to
hum dify the air noving through the subsections by spraying |iquid.
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view of a s]ystem for augnenting power to a turbine engine used
[0015 For the purpose of illustration, the drawings show forms that are presently preferred.

However, it should be understood that the invention is not limited to the precise arrangements
and instrumentality shown in the drawings.

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

[0017]  FIG. 2A is plan view of a conventional nozzle array for augmenting power of a turbine

engine,



in a power service station. [0017]FIG 2A is plan view of a
conventional nozzle array for augnmenting power of a turbine engine.
[0O018]FIG 2B is a side plan view of at least two different, typica
stages in the conventional array shown in FIG 2A sinplified for
clarity. [0019]FIG 3 is a perspective view of one enbodi nent of the
nozzle array of the present invention, positioned relative to a
silencer. [0020]FIG 4A is 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 4Cis a bottom plan view of the

unit shqoeusin Fid52B4Aa side plan view of at least two different, typical stages in the conventional
array shown in FIG. 2A, simplified for clarity.
[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. 4A is 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 showing Fraction of Saturation versus Fractional Flow for a

conventional array and one embodiment of the array of the present invention.
DETAILED DESCRIPTION

f0025]  Referring now to the drawings wherein like numerals identify like elements, there is
shown various representations of an apparatus, such as a nozzle array, for more effectively and
efficiently delivering liquid to air before its intake into an engine. Also shown is a power
augmentation system for an engine comprising the apparatus. The various aspects of
embodiments of the present invention can be utilized with virtually any type of engine. One type
of engine suited for use with the power augmentation system is a gas turbine engine.

[0026] FIG. ! shows an embodiment of a system 10 for augmenting power to a gas turbine.
The system 10 is described with respect to a power station service, however, the system 10 may
be used in other environments. The system comprises a passage or duct 12. The duct 12
comprises an upper wall 14 and a lower wall 16, and at least one bend 18. Duct 12 also has
opposing sidewalls (not shown in FIG. 1). Duct 12 may have virtually any cross-sectional shape
such as square, rectangular, oval, circular, etc. Duct 12 has a cross-sectional area that may or
may not be uniform. Duct 12 also comprises an inlet section 20, which may comprise a weather
louver 22. Downstream of the inlet section 20 and within the duct 12, may be a trash screen 24,
air filter 26 and silencer 28. Downstream of the silencer 28 and within the duct 12 is an
apparatus 30, 100 for cooling inlet air 40a. Such an apparatus may be a nozzle array.

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

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



[0023]FIG 5 is a plan view of a portion of the nozzle array shown in
FIG 3. [0024]FIG 6 is a graph show ng Fraction of Saturation versus
Fractional Flow for a conventional array and one enbodi nent of the
array of the present invention. DETAI LED DESCRI PTI ON [ 0025] Referring
now to the drawi ngs wherein |ike nunerals identify |ike el enents,
there is shown various representations of an apparatus, such as a
nozzle array, for nore effectively and efficiently delivering liquid
to air before its intake into an engine. Also shown is a power
augnentation system for an engine conprising the apparatus. The
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where it is cooled and humidified by liquid ejected from the apparatus. At least a portion 40b of
air 40a, now has a second temperature, which is lower than the first temperature. In addition, at
least a portion 40b of the air 40a may have a second humidity level, which may be greater than
air 40a. At least a portion of the air 40b may be humidified by liquid. The cooled and
humidified air 40b then moves from area B and into area C while generally maintaining its
velocity. The air 40b enters the inlet plenum section 42 of the engine 32. Inlet plenum 42 may
be shaped as a bell mouth to allow for acceleration of the air 40b. At the compressor 34 inlet
face, the air velocity typically ranges from about 0.4 mach to about 0.6 mach; more typically, a
velocity that is about half the speed of sound or about 180 m/s. The air is accelerated to obtain
the high velocity required by the compressor to accomplish the compression work. Typical air
compression ratios range from about 9:1 to about 30:1. Once inside the compressor, the air
velocity is reduced as a function of the higher density resulting from compression. The
compressed air (not shown) is then delivered to the combustor. When passing into the
combustor chamber velocities are typically less than 100 m/s, although other velocities may be
provided as desired.

[0030] The apparatus 30, 100 for providing a generally cool liquid to air before air reaches

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



bl ades. At the front end of the shaft, a conpressor 34 having
conpressor bl ades 36 conpresses air to high pressure, for exanple,
typically 10 to 30 tinmes its typical pressure. The conpressed air is
delivered to a conbustor 38. Fuel (not shown) is fired in the
conbustor 38. The hot conbustion gases expand through the turbine 33
and | eave the plant through an exhaust duct (not shown). Since the
turbi ne power output is greater than the conpressor power

requi renent, surplus power is available on the shaft. The surplus
power is used for driving | oads such as a generator, a punp, a
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flow. Preferably, the punp provides | ower pressure liquid than many
exi sting punps. In particular, it operates at |ess than about 3000
psi and, preferably, at about 2000 psi. The punp nay use a pre-fil
system The punp may be nore reliable because it operates at | ower
pressure and there may be no recircul ati on back to the punp because
the punp does not re-circulate liquid. This may | ower the tenperature
of the liquid into the punp and prevent debris fromreentering the
punp. It also provides |less wear on the rotating seals and inproves
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[ 0037] When t he val ve 46 opens, high pressure liquid is fed from

i quid supply source 52 to the nozzle holder 30, 100 via liquid inlet
conduit 44. The nozzles are configured to atom ze the water into a
spray of fine droplets. Such droplets typically range fromabout 3 to
about 50 microns, and nore typically fromabout 3 to about 30

m crons. [0038] FIG 2A shows a conventional nozzle array 30 that may
be used in a systemsuch as that showmn in FIG 1. Such an array 30
may be the SPRI TSTm system from General Electric. The conventi onal
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movement, saturate r hum1d1f1ed air from nozzle 56a, for example, tries to mix with saturated



or humdified air from56b. Simlarly, spray 72 fromnozzle 56e tries
to mx wth saturated or humdified air 40a just downstream of 56d.
This results in | ocal over-saturation just downstream of 56a, 56b and
56d, 56e. In other words, saturated or humdified air i mediately
downstream of the activated nozzles cannot easily mx with dry air.

[ 0042] The | ocal -area-over-saturation problemis also illustrated in
arrangenent 64. Here, spray 72 immedi ately downstream of nozzl es 56a
and 56¢c can mix with the drier air 40a i nmedi ately downstream of
nozzl e 56b. However, areas of |ocal over-saturation are produced by
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above. Unlike the conventional arrays, the nozzles
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because ta fhe peis¢ng nyertion. The apparatus 100 is generally in the form of an array of nozzles Each

nozzle of the array is configured to spray small droplets of liquid, generally water, toward the
inlet of the gas turbine compressor (FIG. 1). In other words, it may be a fogging system. In
particular, the nozzles may be those generally known in the art (e.g., from Parker Hannifin) and
described above. Unlike the conventional arrays, the nozzles of the present array may operate at
less than about 2000 psi. It has been found that operating the nozzles at this pressure degrades
the drop size distribution very little from nozzles operating at about 3000 psi but produces less
stress on the system.

[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
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el enents often generate the majority of the flowinduced mxing in a
direction normal to the plane of the vertical nozzle arrays. The
spray apparatus nay be positioned virtually anywhere along the |length
of the duct and nay not be coupled to a silencer. [0046] A plurality
of nozzle sets or stages 104-112b (FIGS. 4A-4C) extend al ong the

vertical direction. By vertical, it is nmeant that the nozzle stages
are substantially perpendicular to a substantially horizontal ground
pl ane. However, the nozzle stages may extend horizontally; i.e.,

substantially parallel to the ground plane, diagonally or at any
angle wij S t [:5kon, ot
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stages are up a ong t ori Zont a rection.
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114. hqu1d supply conduxts 200 may run in the horizontal dlrectxon along the top of the array 100.

However, the liquid supply conduits 200 may run vertically, horizontally or diagonally. In
addition, the liquid supply conduits 200 may be at the top of the liquid distribution conduits or
may run along the bottom. Each stage is independently-operable. As such, liquid may be
sprayed from one or some stages but not others or liquid may be sprayed from all or none of the
stages.

[0049]  In the embodiment shown in FIG. 3, the stages are arranged substantially vertically, in
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.
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The support columm 114 may be virtually any structure that provides
support for the nozzles and the liquid distribution conduits, where
these are included. The support colum 114 may be a four-inch

di aneter, holl ow pi pe. However, the support colum 114 may have a
rectangul ar, triangular, oval, etc. cross-section, nmay not be holl ow,
etc. In the enbodi nent showmn in FIG 3, the support colums 114
extend substantially vertically because the stages extend vertically.
Where the stages extend diagonally, horizontally, etc., the support
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102 of toter arreczmynslomr eAsmplh,othre rheFskages agtertdhmeorttaﬂly ﬂmppppdrt @ddnimmnsayl
| 4a, 114b coupl ed, t Eac uni t cO

the i1 eneBt Horgonfl By Vel “BRSS R M r e ksSSP R PE ek g
not be Gediylakolgtie Hohieosalldera®n aB8 maytxmmdy irsthanettied] divectioh o abilit theoﬁp of
the sta 104-112b i tribution ond S

coupt ed etttk ey tinodtal oo B Bt Sig: g
anot her oﬁéﬁﬁtﬁﬁeﬂ[tﬁheﬁ&%ﬁt}iﬁlﬁ‘&lolﬂA— 4C show one unit 102 of the array
shown i . The uni i sed of two ubunlts 102

102b. Tﬁgd?gfppg?tSIe‘BPd zﬁé 4G g iﬁsgebesrfﬁe@f’féd t elopy dge partcular

Cross- b%bnfig’h&itloﬁaﬁl’ht@'dbléﬁl&cﬂ@@@on%d 314 QBRpIiRE G beufuhﬁ@@d Sl0ag &% a
and each unit 102 is conprised of a total of five stages. As shown in

FIGs. 4Rlusality bideiisals rRpegting anip 02 thatsopprssthearay iR e i pastigwar sivarsppport

from ongomn@t Nesa, liﬁpﬁa?r]réuhﬂ&bﬁt sl@@@e&ﬁ'ﬁﬂy'c%%mﬁa Srer bt I@Q%@%e% 108.
shown in FIG 4B, the first stag ma nprise two first Ii Uld

di st ri butsiseve BridGr fsthesgawo 5‘3@‘&’6 CO]I”W"E h&yae%dmwtcosmmgvhemﬁ@h Lz
the two (b kil bk icOiich dinsd diefidt Q@nxncaﬁg#le}nﬁﬁm%@ﬁ@ the?%po@m&ngs Al40R4; be

the vertical "direction. The two first liquid distribution conduits
304a, 3@abbegoplad todbhiigness 28 brt mast stapdplraet Incagrivian thesteges 107h bl Zbwey liquid

First |iggblagh sdduPth A & YRS %Oal@goé%pmayﬁlldﬂaat%éggétargdo%lﬁ.ge% be

other down the l'eft andright-hand si the rear si
first S@QWQIO@@CP@TISU&QW& It will be understood that the first

my be SBa ol e A SHt TOR oSy e bt AOE sl TEnOAL ke
may be wssgrided of tve fubugts 1§2adezb. ABleshmm qo}urrﬁb ®l4a, 114b are connected by a first
cross-bar 116, Each subunit 102a, 102b is comprised of three stages and each unit 102 is
comprised of a total of five stages. As shown in FIGS. 4A-5, the two subunits 102a, 102b may
be spaced equidistant from one another.
[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.
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4A, coupled to the first support colum 114a via a second cross-bar
118, is a first liquid supply conduit 204. Each of the two first
liquid distribution conduits 304a, 304b are in comrunication with the
first liquid supply conduit 204, which may run in the horizontal
direction and nay be substantially perpendicular to the first liquid
di stribution conduits 304a, 304b. [0054] Along the length of the first
liquid distribution conduits 304a, 304b are a plurality of first
nozzl es 404. These first nozzles are arranged in a first staging
arrangenent. As shown in FIG 4B, the nozzles 404 extend fromthe

i quid dipgteb Bk ignd aRBhuiibScoatda, 3039@94%@ ;ﬁrafllblr@ tea@ R ALVR R hrﬁ’ﬁ
504. In particular, nozzles 404a correspond 304a and nozzles 404

cor r espdHdt-hand3les of e regk sip of the Frscsuppert cahlmclﬁé@j tovilh e Hndststeadehat the

first e f
o, u CETRLARLBRSAL ORI 200 P ORR IS 0L gt

t her ef r gdflitigheonhy enstliquidk dstgbuiion sorduitgnay lsmsecﬂmythbélrmrgg@dAabimm in FIG.

forty-fiw hes f

neads o045 RS TShubERPRilmd 21\ Ksdephl ARG val 0 i L Bke RS hopty
504 and candnitsAP8s Eaett ofzthe iwoplas i fts,thlatrum@oudws P04 B(Eﬂbchr@mrqomemmntnon
Conut 308 s A0 RSnglONS B Fh BB rb il Sl AR
l'i quid dulssttantlblutpeqwndlouidmmttheaﬁéltalqarddhetthmzaﬂdess AB4B0akt endi ng aI ong

l'iquid gj |b Q con i out nc
to aboutV Y niiisg SRR oh BRSNS GroP Ga i T P B GFE F BudenS
nozzl es fé4onass 494. I’I’rhedelfd'adlo@ﬂesearé bxeainoedi it st biaghg hirahigerdlent. As shown in

S hout 16 e 8 & A Suend St M2t RGeS RO 3R p0ctiE &

respect ek@nditie pyrtidh riet i om paticulao mezAdse4uat cordspopi Qv idded aael movkled hexb

P i yPRGPPRG ADFo ARy it FIC AG o P Ee ik N e ension pofion 504 i

over - satauleadtioB@fitsh gfray@hdad 604e 60z Thiet is404fi i@ @lspRy Gamk ngi@dod &F liquid
provide a substantlall even distribution of liquid. In addition, as

shown i haEsfegm. s firs ¥q“F‘P% porfes 08 may g appled %QPHEfOé‘ﬁtﬁ"ﬁldF%fe"rsﬁ” ifh rggpect
Wi th oneo aRGLNShnal THRd S sphayB@hdiai0Ya, \GB1E hﬁ@k«:xtlehdﬂl%fw&rﬂ fRHGE fmléﬂ@msm
each first nozzle 404a, 404b and, therefore, each first sp r%%@

604a, 6@LBIoN 4 and AeFubitagily Prapepdigilartiethedifvic dignbusiopcenguits 3 30§b
drawn aljgug] t h&s Yhd¥d ®OlGOMs, t?l@ﬁ%%'gtgg@ﬁﬁhnﬁ)} EcthprBP t@dh ﬁ'&%e@@é@wnb ten
604b. HOOSG] shown in FIGS. nd 4C, ‘subunits 102a and 102b may
each coﬁﬁ?zi]@e“oéa seewhee él%agquﬂambﬂ%consélé Shtr addge nazeiey 404b peendingf
subuni t aﬂoqg@qaa%skmgey@érﬁqu@@4& hl(‘?]e n'oﬁﬁés &M rbte assutq h%%ﬂoutgsmﬂgs
stage 112b"is part of subunit and 1's cou to the secon
support apyt inthe Yartipal dGeetivnd M@rq @F &S% ogypley 460 mam |bp ilyled gn civhas|of thet fiyst
t he sec i I 116.
Second TGS RTRLORLo M0 H04b RS Rplha iR g bal AT e 48
front s |Sdlee oq’azzteh €04 arestbstanpgplbr aligoe] witin reilleﬂ;atoahd yidgedtion @mdnmnm gahdtoms
wth se d . 0 l.L qui d_di Loutio
condui £ Pl Eb B ARt SRS isE i 6P R By B} RS ShirBiyne
supportt@n@upmmbg4bnagdﬂmsuwm,wmmnmnwmammamngeMmmd rﬂquudzmupmimeamo
condui t 2 e der tood t he

ot 11 bebTBr Rt S B Bl L ERER"0h edflir & dovpdy FIO:
st and alMBnene fiklimozHen4 dre th'sdnﬁallgph-yme onitiling aBddiRermifghgranimaginary vertical
substan lally horizontally a |y per.pendic Iar to e
second T oL PREy P b L Gredt Peaa oty ang) sBe e Wy st 604
| engt h @hitercllighdd A0 Beaoditclioroiiatiedical hiedividiam AeHydue tysdidtdeh, 13dwdn

are a plurality of second nozzles 412a, 412b. These “second nozzl es
are arr&ﬁ&jH“SWﬁéh A% 98¢tgi ng arrangenent. As shown in FIG 4C,
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i magi nary vertical line. Second nozzles 4l12b are substantially

in-line with one another along an imaginary vertical |ine. Second
nozzl es 412a are al so substantially in-line with one another al ong an
i mgi nary vertical line. In other words, the respective sets of
second spray heads 612a and 612b are aligned along the Y-direction if
a vertical line is drawn along the Y-direction, through each second

spray head. The nozzles 412a, 412b are also configured to provide a
substantially even distribution of liquid. [0059] As shown in FIGS.

4A- 4C, subunit 102b conprises a third stage of nozzles 110. The third
stage 11Go9MPhk SkswPEIER! 44 ahd & Fbidliis tlbﬂapéhtd' 195 &Y gﬁrﬁhtco;ﬁ%ﬁse a second
extending in the vertical direction. The third l'iquid dis ution
condui t s8E0 1{2p, atdbaclreend dageHé2sis por @f suhppibdP2acadusmoupledtio therfestenpiyiry
on the |gftshangd- skdgq f: | t t

the thi rcd U |an| d gl %t r ?{?ﬁllf ?%r? 1(E: %8?%&%116 1%2&;"‘5"'8615 g(tghtp %@ﬁgyﬁ eﬁgg%\%hsgﬁg rt
or may schmu ldibn8econhligdd smpbwondmlr%utlhmpb‘deo thie gerodd chiossttrair [h U wbmh is
condui t t t.co

o et hiooi R e Bl ol TS R AR s BT
condui t hBad frost dide @fdimﬁlmatcsappoummmrhllfﬂaandme“t toimroudi¢agion dnmwpp:lnyl 11qu1d
conduit 21 run..in.the.h l,.di recti.o Y,
substantlaﬁycgﬁgﬁgégg¥%u quch%ﬁﬂnfﬂnc%% ?36|d“dmg??PBﬂ3?83ﬁ€8ﬂ§&PW
310. | OGﬁm]oﬁlthmideswmgtdmmf 1 tdbeantl b nctolringuiodtich &tdsnquuicbnpﬁ@nﬂhmﬁt

"n ot e < agh s e R R’ aond, BRRS cion 3R TS o T

conpr i setachiedielsdwhett emshmon spad tions, S5TEE excbendigiig §uppin ¢dnguit 2 dnay run
liquid distribution conduit 310. Attached to the third extension
ot 1 on SubepidsaOReR Rl il sihitenaly ePenubtla 1o destecht 8o Dofier Baics
to sprawoﬁmmsagmnism or fog of liquid therefrom The third extension
portion ed about fort ive degrees in_the x-z plane.
The t hi iﬁﬂégr 23 %éé'arsle 't o&£381d theo%ee%&ddl%'fdoﬁftph@'Ot"rﬁopﬂméﬁtl%ﬁhéﬁg‘ham a
por ti onglpdifly anstcaidencebiest Bt 4 B! YrhpRrReNdindklI@r ard &rdnd€d Inl Adkshd staging
di stribution conduit 310._As shown in FIG 4C, the thlrd ext ensi on
por t i onEIBAEEMERl ASFROWR BSFIG f§ ¢ seopndh narles 4128, 412p comisiée @negops extension
porti on ;aAknaNg e BRiddhréd tMe%dhﬁﬁg%lﬁé&tM¥0%1t§ 9PaL 8l & tla¥hed to the
parallel to fifth spray head 606b. The third extension portions 510
may be iSPRRES ExtesionipPitiPnYE isrd legH opdiecPishspsudea] ©ds. 101 Thevhichiis epnEguebto
110 nmay scQyR rﬁh@ ﬁnstt bf 8¢ of ﬁéﬁh %reﬁ%{% Am@w i FIGOAE, RE Téc&fa%x&%éh i bRY

be i ncl uded. shown~i n and 4B, third nozz
st agger ed2 wiay he prglgslde thet xoz plang EHPOWCfQTZY éige dﬁzﬁﬁs Higoisconiiserap bedds ﬁbh 6f2b

the noz%kﬁﬁdf 5?}3 J&nﬁh@%oﬁdse Qeﬁlglbﬁ'b&rﬁgnsfﬂﬁ aH&JE?thﬁsYahﬁﬁ ty[dglﬁ)re'ﬁlﬂlﬁ%aér to the

passi ng t hroug e array, out “over saturating t
nozzl es liquig dlsa‘ﬂ@tlall emdgitnf i gured to provide a subst anti ally even

distrib I Ol S F h ir
nozzl es lfll<'jadrsgf|s u%s '%) }z]acﬂ%l[:a g‘i %/j% Iﬁ%{j k&{é&\[}\f tsg\ﬁ 0 n%(%%sotd' Ezer Angkl on "dasﬁla rrl;lg!) ﬁlgary y
vert i calcomnpmge. folmogtleses 1 2o eris ,nomﬂs H12hare dbcmbzlzhcél tamdouttéh emcdaﬁmpart m} #eh

{11 SRR Al a0t B G, LB bobayPhbcel s
direction. More or less nozzles may be mcluded 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 saturating that air. In addition, as

shown in FIG. 4B, the second nozzles 412a are substantially in-line with one another along an

14



[ 0062] Subunit 102a al so conprises a fourth stage 108. The fourth
stage 108 conprises one, fourth liquid distribution conduit 308
extending in the vertical direction. As showmn in FIG 4A, the fourth
liquid distribution conduit 308 is attached to the first support
colum 114a, preferably on the left-hand-side of the front side. It

wi |l be understood that the fourth liquid distribution conduit 308
may be attached el sewhere or may stand alone. In addition, nore
liquid distribution conduits may be used. Al so attached to the first
support colum 114a via first cross-bar 116 and second cross-bar 118,
is a foumbfindr, Qbktical FHBPE¥coh® RS cE 412;%8&r ISkt RY tikliihd Qith Gnindines A 4N
conduit 308 is in comunication with the one fourth liquid supply
condui t IBegnaERisalkRe- r S6Fonch neries Hd?a isralsel suaptRtially drr i ovithone another
pref er alqgo 94 %Bg'?ﬂ'{r* @érlué’al Iﬁﬁé pﬁﬂﬁ]ﬁeﬁ: Wo?cfs {h@ résB&:t;t/QEErtst &F ské s ﬁr heads 612a
di stribution condui [0 l'ength of the fo th 1T quid
di st ri bdpd 6h2ize8 %@h@uﬁlﬂﬂg !fhﬁaYﬁlfﬁﬂﬂan irf 9' V@ﬂ’ticﬂdwet il deyery dlees 4@8Y-difprtioe,
fourth e r r aging..arkan

e i T L ot S o
portionS@%ﬁ@hdbﬂg@md@%¢@h@ﬂﬁé@uﬂh I|qU|d dlstrlbutlon conduit 308.

ALt aCheiO%@%t hﬁs H FRK8 & Sh@ nsug HOQQ c§8€r13e§ 1rd s aagg tof %‘z%%e]; ?i‘H.t”Fhe
spray h 08 is con |gure fim of
l'iquid tlhst Hﬁgeom(} a'dI@I‘meJDIld’lthﬂ‘ﬂUE]lﬂsil dJstrlpmrdm c@msmsem myndug mnryb edrtical

f orward,,. abhout .f,or V. es WI S e X-7 The
four ohl e TRIbY hhE AEHEEE M HEIW REkncie' PE F e RubBR ol
por t i ond 18 @refiereblape tlﬁudzfshzmdtsncal df yhe[fﬁ:mpﬁdlﬂl Ic wllabe drdeistved khagthk chird liquid

di stribut d f th t
por t 1 ond s igR a7 ey b8 s P Bale  Bere il B Phalefiopgpore than
ext ensi @fc pqrid Jienibbidzh c&)ﬂdhlf in#iBhe w3ed zZARo Sipichad b eleckecdiddbpardoRif 114b is

spaced € nt her Q6 fourth s e 108 may .

compr 56 WEUiR A Bpbaehao I e Jar larbleiition denhi e auh sipnpaicaton
i ncl udedvithABe siitawiid liduidf kipply bid@nei 04 Bhich mely @il the hdri@n@DdiZLOsh HAGnHf
the fourth stage 108 are sta&eered in the y-direction with respect to

nozzl es PA8WPsEAlRlly pompendipar et thigliqyd c{'ﬁ’éb‘ﬁ’GEfP%@“ 340-each stage is

opti m ze¢ghe0pr huﬂ‘%@{eﬁb’ﬁdﬂgoﬂ ne t}ﬁﬂdrhzﬁ@ﬁﬁcﬁttﬂ&nfohrc@&tﬁm 310Qrd piadalit ftnBQL‘l'és
over saturating that air. The nozzles 408 are al so configure

provi de 440-stibrse Hrrdingralss 485 arngs&ing thind SIagin 3 Tangeusng. Ap ﬁhoaa-dpﬂ%rﬂc the

shown i RofAd3418Bombh& £ @i RieROFZ) RSPS9 eitelaaﬁg@;ohalhk yhlmlqmd HlE'tﬁbL\Motnh
one anot her along an i maginary vertical |ine n ot her words, each

fourth ﬁ@‘tdllltélﬁnd\“aﬁhf’ért@ﬂléﬁ ird @alepsiqropgrtion St isyt fragicpric dhied snamvelpad 6dhg
the Y-diyggtit %ﬁ'ﬂﬁreé- td/ ﬁﬁ'&)} Lhhe rhisp&' fb%mdl'i \ﬂmth@xleﬂ'&ﬂ e tthdCQxfeﬁﬁBlln Shions
t hrough each fourth spr %Wgead unit 10 may al so conpri se
a fifth>39 age be@esledaboyhisip-fiva dﬁgr@s mb X-helang. lew third gerayl b&de HHhertends
two fif

verti cal okl 8 Sl R p R b 3R S S R BRI 1o Ui
are att dishidbdtion caldsléc?dﬁd éuplprm'rt irc GIQUMAEC, thet hirdTrertsign  fortidnly ﬂIunnydrun
distrib r a to ch_ot the
| ef t an HS% Rfﬂg&!g *’z tgggﬁo?ﬁ%}ﬁgnrﬂégé&g@egndr thte thlrg 8raﬁdh egéjs ppor ng y'o
col um illbfttuntlélﬂy@afallhtﬂo flfihoppragy lduttﬁﬁﬁbbaﬂladnrcbnMan $of&66ﬁ35103@:6_,bbermya1he
attached F}Lths be stand alone. In addition, one liquid
distri bu{l on e used. Also attached to the second support
col um 16lb] vi Bhefthfr&tstager biflsmipaconiptiSe eunet rﬁ)eﬂémdmcr}ﬁﬁ)ﬁwbamoﬂelc& leds Sodxzles

di <t i bV CURT (5 Sotha ind0BD ZRam oo SHALAT Rt b TR Figgeshis

fifth | iregpdotl csfphyzz0:0 AdEd, 14086 6 Thorbdstion B Yhe' A2z ledint dxeh Bagd & Wptidized for
di rectiogn and IS preferabl y substantially perpendicular to the fifth

liquid QPEtERiRgthoHr rasHpg @Jgﬁélé‘aarrago%WU[ OSB3t MRERG et | Brsgrorzlest410

ext%nﬁ 1o pf)rtlog%ﬁ%
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each stage is optim zed for humdifying the air passing through the
array, w thout over saturating that air. The nozzles 406a, 406b are
al so configured to provide a substantially even distribuiion of
liquid. In addition, as shown in FIG 4B, the fifth nozzles are
substantially in-line with one another along an inaginary vertical
line. In other words, each fifth nozzle and, therefore, each fifth
spray head is aligned along the Y-direction if a vertical line is
drawn al ong the Y-direction, through each fifth spray head.

[0068] Subunits 102a and 102b with the five nozzle stages 104-112b
CONPr i SN ddhfifurddid-prdsdeSQWRariByEven ddiridufieh &g, IPRdiconCAMENS g
of a pIurallty of spaced units. The units may be spaced eqU|d|stant

f r om ond1@ntt:He third naﬁgles(frer BepAiRllY frolinewishpiresanotier dlpresgn inaginary vertical
hori zonygl! yo otgéraﬂﬂﬁ'sak:z{cl’l thif] fozzIERRd, dhér&i6lel ORK 'tH?rd%l‘ %{hleﬁchﬁ aHQAeHsdloaé ?he
spaced depends upon how the subunit’s are oriented he array

i ncl ude X-Airgctieri ayartical ling#s drawn glopgibaiydizrtion; threugh sedbuhird @ran\mﬁ@ or

| ess su Hb3 a1 sdsNCO i Dace! B3 29HL Fufi stab €0

102a ang %b gﬂ%nthe f?rstn@hﬁgort coﬁ&%n i 14a an Sgﬁoné§ g%%ne
col um ft.mﬁl lrmzyi Geribgwoednditdiesteading frbervotiel divettier As |shpwn in FIG 4A,
parti cul

Bpout 40 Sl Bad LSk BURPAL b ERUR ARG L RS oo, R Beergbty
about 1lon nbmleftdlaad}&de ofi(heifrimh sige.aawill. beTinderstoed: thet élbafglaﬂu Hdfdd dit@ibutéome
shown a attached. .t first 14 and

col ums%o?_{ﬁllt%%S may% e&‘aﬁ:h%é; ?lsewgltelg o nay Zimé’jl _aLlEBe I agtgp on or% ln%ud&) ﬁl(gtr%{]th()émr
st r uct urceslugts map be 'usmd Addocaechefl @ﬂlﬂi@]fll?slt €uppbrt $dsiowa 1a4ap\0a firso broddiedr 106 and

th 100 sh in.Fl ..n 1

ot Hepg0RTBI D b owih tihe B2 SOudhte, 2t IS FShrth el i

it will cheduitrsdeisinaoehntunahtidrheitls &ﬁmnatfmgthl]iquid&uf)}ﬂy kowiuit 208 Swliteh may run
t t t

Convent i the hSiBRAL 4R lof ARY St Pl 5Rbsanf b Yerpardichar ;s%ﬁltﬁe@fefp%{ﬁld

of the aistréytishennduit BOF|I G 5, the cross-sectional area is designated

25 Bt Rh%u Bk SRRD B0 Bby 0% I ARREY SRR
Cr 0SS- S@6idanak. aner 3rh MWLk atehehfearis atfw@ﬂlséd%lﬂﬂ drfandbahe. A@%Ebwn in
creatlngﬁa unit 102, as in the version of FIG the anits may be

spaced ARarfCtthe devsthinozglps 4k Foreprish ot uh sxiersion: 30§ rPosHon: gidendingi fraam the

Cr 0ss- seglrinoRald @b@ButidncohMBr Y6, SARRKENRVMe Fdurklenfton BHtibS 5803 at least
extend vertically and are spaced apart in the horizontal direction to
create Pp¢ &y spigniheadb08sibishiiy eonfigprad to ety elpemét Pefes Adiary theeframe
spaced apakdurth 'Exfehﬁomﬁ(frhglﬁrﬁoﬁlma‘}' Y8R L1Ld ?or%v&’rdcib%ﬂtt By EHe '&Qgrééé%lm fespect
It will be understood that the Subunits and units nay extend

vi rt ual It thgriyz miaﬂ@ctTmerﬁourﬂaosprﬂefxm 808 map axfends foaiard Ui he ﬁqvaryh ex@@r@m
hori zont,glilys ﬂﬁclmggre%gﬁ‘sq’zﬁl‘aalﬁpﬁé’%enaicﬁ)ﬂgtotﬂhﬁméﬁ%i @?Jéoq gBﬁﬁﬁUa@@ ﬁ@@hown

therefore, create horizontal sections
subuni t $1 FIGRAC, the Zonrthpexteasior geritidins T rand fioustin sprag haarstN8 rreainetardoé therfirsts

102 spaged, &gui %cﬁlts%ﬁtani [RMASAR 5@‘395%% go@hﬁ HI%Q acky Siddlaﬁ'r?%%%fm%”

has the sane dre I'n ot er wor sect ons have
ar ea and0gi] AI lm)fbmﬁcitagariﬁf& Inratv eompisesaves nazzka 408.nHowérner, nparb odiesvawnt ges

t he spaC| ng n,t sub ¢san be differe reating

subsect i 0\ s '}fvli n(g fg?oévrnelﬁ ar é&sa%wpﬁ§er%ﬁn%o}3f NOEHES Eq‘?o%h? fﬁmﬁ] ee

3, theralihne stag;gmq/muhx ytdilteétion&\whumslﬁem tbOdazlesl2and dd24. hThd pehiod of tig

102. Thus, .there are twent X.ve cal. gaps or subsections A, B for
Gt Ge Y L

the air "FOIFS (T “15° F GPIRAKET P YT s ArOsEN th 8EE) gifhaut over
bei ng t BeuihiiSthagaps Ahandzils roEar beb ngnseeantd gapticBa sy bans

gaps or sufsecti created b e no zIe rray in other
enbodi maRirPuIPH liq“rfréy aéslélﬁ&\ﬁé Sﬁw }/"alftlgr © fQyEiR TREHS Ae Ebsigritallyins
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subsection A and B. In particular, first nozzles 404b, fourth nozzles
408, second nozzles 412b, and fifth nozzles 406a are positioned to
deliver liquid to subsection B. First nozzles 404a, second nozzl es
412a, third nozzles 410 and fifth nozzles 406b are positioned to
deliver liquid to subsection A It is noted that in sone enbodi nments,
spray may not be delivered to subsections adjacent the walls of the
duct so as to not saturate and damage these walls. [0072] As shown in
FIG 1 as discussed above, anbient air 40a enters the inlet of the
duct and passes through substantially the cross-sectional area 25 of
the ductyine AR thSiE RnotridlorsN@ 1&9%15:;& v@t"tl"cﬁylmgf Iﬁ Btﬁerp&(ﬁ'ﬁ.se e fOURNhAR and,
100, the air passes through subsections B. Because the nozzle
set posith¢refass, mﬁhqu@mép@vgg@sts alignad dang %hlebf @lreawrtlg?adﬁrtlgajb@e@tdrmalmg
t he cro§§,§qﬁghggqhnﬁ%?amh55Hm§pﬁgﬂ&mgured to deliver an anmount of
liquid required to 0sSi bly saturate or substantially
sat ur at d0065he &ubunit| 16@b mgy takse cagipriseac fiftk slage d06- oAs showmpiar FIiGe UBathe fifth
first n 0 I n I

nozzl es%%%gﬁ% ?@ﬁ@se? Ezfoeﬁgllg ﬂgglﬁ d%%lbﬁl?}gp g%ﬁdgff{ g&a 9?6% &?ené'gg 11?91% Je 1&51
to hum diirbgtlmheTlm lrw0f ligud ld'gtrtbhn@ugcbndguﬂ)é%t B@ﬁ’o Be aﬁaqhsdl tqnazszd;(md szﬁﬁlitmt,
(S:g_gg_gfleng Al &e i éé%ﬁ% tt h'ﬁftg nglztjztil&?lblﬁlon c%‘gﬂ:rlté a’éléai’ 8@ Zrzunesalralf'lapg ea{.‘]hgther
air flowlumg tltehefnughnguhsmtmasmfﬂne rarefdemﬁblbyacoh&lalp@bm cplamaitngp. t THedifgh

subsectlon Bis,su ally. e ly humdified; . in

vorde. vt fiioR cofuRt J06habeSinay hEARmed Rtisre o f% bt Safdk e
t he am)wﬂﬂmi dantqmdi ﬁmmuutﬁtmdcdndmeaﬁﬂy leURseCtAlon att@ieds Guhséantsuphdrty
proporti opal actlo al 0ss-secti onal a of artlcular

P bboct i<ghmctidn Vi faCkb o 118 S5 i2ee 5 ey HE % Rl G R pig FoRui
subst ant2oal Eyched u&l twb @ifthi@uidldiskribAdib e EorldQit 3062, 386D Bre ik camuiifiolaith the
to air ratlghif t he ?ntlre flow of the nblent air through the entire

cr oss- s &8¢ fi5H Aauid,SEpply faj1auis7ar. W}é%lbﬁa%ﬂﬁslétt er@&lé?%éi"ﬁﬁ@ﬂsﬁaﬁés RS

of wat efsuitanfyy lﬁtpéﬁdlcﬁlhm {hmtmmalcradmnm&ﬁ @éndulis snsdmogach
subsecti on is humdified with relatively cool |IC|UIdS rayed from

any of 96 hozélogg ther lepgila ofy s F1th ligpidghsgributinl Cﬂ‘iﬂ‘!‘i‘ﬂ?@@e@%a‘l‘e fakuradity of

| ower t gpAsatons ok athdst ﬂ@tﬁ%zﬂp&,fa%@m!n%edqasam sttakgr. Rnkdigenl! A@yhown
The | ower terrperature air has a hi gher densit a |Tows it to

nore ef AREIG-#E} (e magrdest49Ba. Sfoh %end oY YE Aiguig la!éan ervdvies 3Q6ne308P Higeis

toget herﬁfﬁr&teﬁ@&ap&ﬁopso@ehitycﬁéd {a)gea@m oD With eQa‘enélélﬂburﬁon%wu! 8dedsPone
substantially equally humd the air flow ng through a subsection,

at any éifihénraarhﬁwﬁ%&f Gqﬁbquliuéh §|§pafygureﬂﬁeyprave Ak gustop ffg @dmedl theyefrom.
deliver Ahg 33Nk F{I’@D&@tthgfﬁfﬂh' &?ngioﬁé) ut I 0 %Hgﬁéﬂcﬁ LaQCQH ﬁ{]eedegrees with

configured to provide an even stri ter over
subsect irespect Fprthexanplaes.  die difthi spsay herlds 6A6a, 160 exgndiferwanld frinr e fifth

ambi ent ) vel:, ..on

nozzl es © {lé{r{gslﬁi h‘(y)ﬁzl!% %6 bi%npg}ﬁn AI ysé %FCL ddTﬁ% lgﬁﬁg @bur&B@d"d%ts

first néﬁﬁLé@ﬂﬂ04a onIy, dellver liquid to subsectlon A At a second
he e 106 may Comprise 1ryn0 les with fte n ozzles.400a en ing

predete d enp ratturﬁ) w%c IS Ltl “g &t rﬁli& 1‘5 F’é

predete era SSI a secon
V\/m ch nn]pngehqlmd/vehstmm»:mtdmdlilt r3®63, antl ﬁﬁe&st n@mkes of06b h@ataﬂn@ndlonpzlmhﬂs

moy bo SURRRRTLRTRYT So ol ol AE OREHL AL P ek 1 B Ratien B0 B

par ti culvatticalwiirettiont The acires 406y inay be fhoet Iﬂﬁtlﬂdﬁbﬂﬁtdﬁd 1@0116:’; Spart R €he vertical
nozzl es of the_variqQus nozzl es stages w |

deact i v&{TBHOPn MPET 91dERS ne |"|1PaYtqed “dﬁgﬁéﬁ’&?eﬁ@f ‘gbghggﬂ“‘géﬁg{ uippuconduits

t enper atusL 3060adauned fizkys 806al MEsbahdy Bd Pwded BiftRer@yg A stshew N BZIIGE 4B] 1B
Pr ef er abl y, ever({&na nozzle in a particular nozzle stage sprays at t he

sane ti i€ HRHCLH fﬁé%bﬂaétl%%@énﬁdsm thigegasrgent e eettandif thpnezzlesdo in
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[0075]Wth each subsection humdified to substantially the sanme
degree, the entire volume of inlet air is uniformy humdified. By
dividing the overall cross-sectional area into a plurality of
subunits and delivering liquid to each subunit, the present nozzle
array nmore uniformy humdifies the inlet air than conventi onal
nozzl e arrays, which are designed to attenpt to humdify the overal
cross-sectional area of the duct at one tinme. In addition, the
nozzles are arranged to optimally distribute the water as evenly as
possible. At maximumflow, i.e., when all five stages are activated,
there My RREoPAZIITo AR BYERY aif Bitkink MEHESD thSHAYOSTRA Str Slch B
side of air gaps A and B. As such, the array is able to cover
subst antth@ajry T§F nozgles 486% fH0qbyse alse copdigyref o pragidp g spbsrtialy eypgdistribution

verti calor@ighiaClrh Qifitior\Ss aquwngiH IHG LR &e fiflh 100K R \Gﬁ&%lmmwhﬂﬁle \ﬁﬂpy&t

of local over-saturation and the m xing of air and;wa er 1s nuc
i mpr ovednotheroat@iaTe mesinyE rveftispldincadn aiher wpisle edgeh fth nelzle and, thprefore, each
overal | #0555 584 s QP&ed Alo58 e Birfubh W Alehickl e ; i Lhen,
del i ver tLgérgquﬁigg @#quﬁﬁgég eagﬂngugﬁﬁ#ﬁ. Ase§§gﬁggﬁ%%§ﬁﬂg¥gggﬂgﬁ
over - satthrongh eseh fills eirey he@dnver sel y, the present design provides an
opti nal rj&ﬁ%@ﬁﬁ ngSl?Jun]té %ﬂa.qlm? Qpﬁwﬁp%eq{v nBtZle Q525 1611?1 Z%rcro%ris V\@r{ecurr]litllﬁl
not seen 1 n the conventional arrays. The m XImg I's opti ecause it
| ocal | y Aprsbowdl ésFI6uBsthaatrayal J0yis tdneprised &f mpamlityatf ispaced udisy Tae nnitsomay be
ter. | her. th . .sybstantially f | ocal
areas o PuSarSuaMRnt Fom O froflst af “af GuBEP B e, RISy, Bofonany
t enper atdingendiigsett.hEhepditeetion al which the uhivee eghcéddapegisaptie hove Xieesburtib are

ith ent | I t the. . - sat ti t fl te.
R A e T ]
downst r éamsublifits agi MBS nidyebesipeladed MOk @ddifidie theOsubMaEAN24 endoERBraed the first

approachi ng or .enterjng the conpressar. T resent design. spreads
T Al T ShyeseCorio Pt Sbimyl 1 Do Sraced o isBpL AP one

over thendth@reringiaguldf, thd8rselbiipod BANMG YL Afaly BB abo@r I YIS to dHBUS 40 ir2Bes
nozzl es .are _positioned tqQ nmaxinm ze water evaporation. [0077 I n

addi t | oritom & 78S FpPALEREEN fAP- Jiupitoie Apihd inh 1¢yrkout &) inches apart. The

hum di f ing2dlld StReeBMOLY ETb Sakhdval AsOfkinielacte 16 FHRAFst0f14h @RBsecond 114b support
hum di fication or relatively dry areas. In sone enbodi nents, sone

subsect i*BlyEngrhogieyergtip Jogs, Stpges [14#-4 70 MavRe aitachedsto et yHyctyaE @y Reestand
| ess |igwnd. The larger gap may be adjacent a snaller gap, which may
be richer in liquid. Aternating smaller and |arger or richer and

| eaner 9L oFltharhes s patipbHitaftherady H¥shawn én B fodnparisylargit sfows
ai r and fMakel suluRi@U08 1988 A5 sdvBE uREEIENT HES b iRt N ThAES bbhE will be
difficulty of the spray finding the driest possible air. This Is

achi evedngystecdsaittaqmemaaingdinit §8low the samst eanvastion s As providghaliovar thanesalt,
t her ef Oraﬁay ﬁﬁ? @iﬂtthé) ti@&a‘bﬁy%&ic}ﬂéﬁ atr&eonQQ?ﬁ?eﬁB} W&uc@r fnat%(é ortion 100’ of the
Conventi onal areas often have many consecutive areas of Saturation or
over - sataupashom. inBdfads thetdness-setiona taed io rdevgraredsatAfr afied Sashowp ghat each
relativ f n u e - dr i r here | .of a
chance Shplos b Rt URRELHELES Ronfich boe LIS TpL 5 BERRR
m x, espeatiosdl lareadéaWhetrahar ngywolidneits t102%as102b steatheyvedniciOd] as i kiesversion
one reas y..conyentional stens tend . to over-saturate.the air in
cor t af n OLFISiS RE RPTPLG RepeT RO Treb G g e APy oA B I Snflierds5i
t 0o bei ngecibndngad i theoomsiin shoNds tralflG. &) byts 102 eatiid veeti@tl g andire spueedhpart

, th t design takes advant f the moti f the air i
The duct INERZqHLA HRT i 19 CEHE TR PE o iy isath Ve Cifreond

array. ThRUupacettaparbiheheidri@eithiMBledtionI€ srehid @echoh®wvbpait BeTnsillge nadatiesh that
near the silencer, ich substantially horm%eni zes the flow of air.

Wh a .
In thisHeYRrYs PAaniymsy exerhgedrtuallyany dfediog. tive cxample. JHPWME poh Lyl
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[ 0079] As descri bed above, one punp 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 punp (not shown) may feed liquid to only the fifth liquid
supply conduit 206. As provided above and shown in FIG 1, the punped
i quid passes through inlet or source conduit 44. It is then
distributed to the Iiquid supply conduits 200 and then to the liquid
di stribution conduits 300. Nozzles may be sel ectively opened to spray
atom zed water droplets. [0080] To activate the nozzl e stages

shari ng hijeexshhoRdhllyf Q6 beXp4ted @part M6ngd iheSkrishiafRcAdN SdIMeteRfe, create
fourth stage, these stages of nozz?es may first be pre-filled with

l'i quid. }THF@“¢§N¥8”WW%|nlze the time it takes to stabilize the system
after cheg@ nIrfs. ﬁﬁ%s O QibRAiR- fd2h ) 1@9%&@&& Qi iBYnOork QRE WRdies aa& the
foll ows. The control system determ nes that the active stages need to
be changéls 102 spacedgquidisgat fiey oreengthes Hesigbarveiyvabseioarhagdiisyne aga- Im
one emboghiiRRt4s, Qyﬁrsxbsﬁétfbg% Relednd L8 LREAT AR DEs ugge%a e G QSRS area. In
anot her except when h stage is activated. The controller
opens a 9qffree-emibpfimentsy ghef spacing detaeainy éhet prbunitss angb orits may the dferenvacratingA
| ow pre tgs 2 t
and Ll %ﬁé«kreﬁieoﬁ%gggvnéé/"ﬁff&gbn?gxgésfvgttgg%n\ii\ﬁ&&eﬁtﬁgwﬁ‘@[?ﬁ? ?Qhegtg'g tﬁ:%g& st
cert ai n tprlesdunits, IQ2h,e1023Iané thigea| wied0andl fmmehgam:e venytsivp pedcal Zapsaem
stage v S gf i t he

vei vo o PRERE S PRE gl MBI oY SEalet Mgt B ERESE Bend e DR T
next st dge gaps zalawa;}mte@pénlegl sdwehdgaps @. ddomgr ldaegqps bosubsécaigs may @Enseasl
t hat thq)Q&ﬂgmzsagolnorggﬂnOdnéwessured [ 0081] The anbi ent
condi ti ons 1N iclr spray sys e operate often require | arge

vari at i goesijn FII[E Sasrhmwmthaoﬁt lemt édur aoyzpd iteds tue dnhﬁglmmzrzalcemertlmmdaalehqh,
a mninmmto. 4 ti a S a range o
Lo T e R b Rl Fisto BRSBTS DR soray s v,

tinme. ASm@I‘fﬁMI Idﬁﬂe:abﬂﬁware tpositipied sie ndeli &t NAidT@Ysubgclén Be NFiby nazzles 404a

vari able s The arra U|r a_flow range of apou

tinmes foFe 5& g H .ﬂaﬁisﬂozvq%‘f Bing f@ﬁﬁw&m %t'da° By PP&R?I}?Q ‘q d%*l"ﬁbhq%to
fifth peumectloh 351t if Ated thet hisvMe SMBGRHERL), SPAS nidy e 8\Belivered td MidBech¥ns
t he range, of anbi ent_ conditions covered. For tenperate systens, a
range oﬁdﬁceﬁlt the peadls pisthe, duct sptsdo apfdarin o dragsihsre alit st ages are

needed hpoRheshs shoin@NFIRS RIdR¥EHRLLBRO YRbiehi 1 HRRNEBAORR] ofSNSHRMEd
suffer fronldlsadvantages in using fixed pressure, re-circul ating

punps. PREeSADbUSH fpkstanEdly tha Cf%Sf‘;sP@saé Atea da<tf g dishsPAartushaMiy the Berels
or elimypa} ef maep?@semr iARLEEE 100, hﬁé @ir\él&g?epmm?%h @@ﬁsealows thafd & OWeciks@GR
desi gn because the nF gi ve the sane ime-flow range that a
four stagelaict BFioad BB St%é%%shwmfgq pjurality of pabsagtens of i css-pectiaral Asar
stages; ;f fsrc%hﬁm&peagamauar znn&ltnf"gﬁhqlfl& Qe IR TR 1 1§ sztmte or
stage may use a single punp feeding this single stage. 6h|

convent isustantialiyssabmate, thenaislpuing trayshipach/fbsesoon. r bl Daé@uandlrguppﬂhrse@drb,
vari abl [ 0 i

ot uy ot eond orbscponl IR hpTAE 4R SO Roodb8 kOl ERABL Bl lorjng an
array ofamohe of ligsid m¢qunrnd/®ritu|rm¢hfy e at tflowmme thrrobgikubsectlbrer lFuw noatles 404a,
d|V|ded h SjGn ua

1t V1 a°F Ropd B AGOMAD, (il ol Ak a1 B Rk Sio B Hoeh e coale e BlvaiRE
are act nalohyt df liquidngquatd & Iginvidifiy thie nier. floAting thtdugh kbaectibn a\ctli’rehaablyt thewir
is equal_to out, ha ipes are flo and, abou

Lhout - pathgitron, GsEPEA B & 4 “EoBuS EfuruRlh i F iRt e
obt ai nediadyoughlly abid dmcBumidny leart hlrgeys relghrd s aﬂeiaetr o h@ad phvatded to each
fraction of total dlstrlb%h,on conduits.in the

array are actually
f1 owi ng SURAPEHRN Py PESEL AP tipiePTBPRIiNR] to ARI R AR Oétﬁﬁgerﬁcular
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[0084]FIG 6 also shows the | evel of over-saturation in the air
stream surrounding the injector, which is defined as halfway to the
next pipe on each side for the convention array and per air gap for
the present design. This is the point fromwhich any post injection
m xing starts. FIG 6 shows that the level of mal-distribution; in
ot her words, overly-saturated areas and overly-dry areas, are
generally much less with the present array than the conventi onal
array. Additionally, gaps "rich" with water and those that are dry
are adjacent. The flowis layered as slightly oversaturated foll owed

by sl i ghtbsctbhny , ERlshidv@n s & Iwaghted Yir QMRS ®ad iy i @¥stafiafy okl $o I8 HAAt
the case with the conventional systens. For exanple, at about 0.23,

about 3."AF(} AGEHE; - dhOYUPLQ 4F af}“é’toéébe\ﬁf‘fnl’? ﬂcOI"YeOfélE)‘-‘rﬁFé%%Wt 8 Hirough gheegpire

but onl ¥r@b9dtkiodal iafaS %ereaxte?dea‘éﬁ Eﬁbsétﬁ%e@\'ﬁe@ﬁﬁ'&ﬁan@eﬁﬁ&ﬂt of Witer §t #MyS8ven
shows that the laterally repeatable mal-distribution is in the sane

pl ane adiMeheAydia #iE @asspreihrmysh isach spsachen. gt suramididisd yad rglafivein condtliquid
chance q ra?&%ﬂgnﬁlg)g(gqﬁéjnozﬂ@i @ftth%’ﬁ)zﬁlg sifagﬁ AL hirid fleafafr%aghi fsoa@te t'te:fr?]lBerhlﬂre

t he conventi onal 008 houg e 1 nvention ) _
descri bdbpnghdoss befgss it a@Sé@ ough thegprart Tholoseeiepiparatureaib bk aveiahes density,

ther eof wtidy BNk, REARBLSLOR QY eldhgoe killed Tn the art fromthe

foregoi ng that various ot anges,” om ssions and additions may be
made t hd®®i3h ans ptavaiedboveniht hages tpgather lag dapabila oﬂr&lisgingim aamdnisafdigeid
of the t 1. A

pover aﬁ%@érg? Elg%glgttldsl A r%ualg‘ﬁ]%fxvﬂ air ﬁowmg t rough 3 subse%tg‘né'ns gtgany given
havi ng atnohnataﬁthqmldespawr Tihay ede alst)kvenﬁngsemlgelehmfthegaamchrrtoontadfllxqwd&b lech

g?fsﬁgleeﬁbse(?dorn a%crf %rreectoQﬁé)u ecy' to pro»ti&jer anl Sen AR lbLl ion c?fd wa 8‘%3} rsgsectlon Eor

example, at a first ambient temperature and first ambient humidity level, only the first nozzles
may operate. Here, nozzles first nozzles 404b only, deliver liquid to subsection B and first
nozzles 404a only, deliver liquid to subsection A. At a second predetermined temperature,
which is usually higher than the first predetermined temperature, and possibly, at a second
humidity level, which may be lower than the first, at least one of the second nozzles may be then
activated. The third, fourth and fifth stages of nozzles may be subsequently activated as the
temperature increases and, in particular, when it reaches certain pre-determined levels. The
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 first stage, only. The nozzles of the
second nozzle stage may be then activated. It is anticipated that the first stage will be activated
mostly all the time that the system is operating.

[0074]  In certain embodiments the array may not have all five stages. For example, where the
array is used in areas having a relatively constant temperature or humidity level, the array may
have only a first stage. Or, the array may comprise only a first stage and a second stage defining
the subsections. What is important is that the overall cross-section is divided into a plurality of

smaller subsections, that each subsection receives substantially the same amount of liquid and
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a nozzle array positioned downstreamof the air inlet and upstream of
the turbine, the nozzle array conprising a plurality of stages, the
nozzle array defining a plurality of subsections of a cross section
of the passage through which air 10passes as it noves through the
nozzle array toward the turbine, wherei n each stage
conprises a plurality of nozzles configured to humdify the air
nmovi ng through the plurality of the subsections by spraying liquid
into the plurality of subsections, wherein each stage is configured
to spray varying anmounts of |iquid, 15and wherein the

stages akf R BY aRLohAg o6 ABtthtlally cgeMG Hudhiditi e iafr idw3ey Bkdugh each
fl owi ng through each subsection of the pIurallt of the subsections

at any aHBGRHONG aPPwPUlias erjay o flophangsepessid byua%lﬂ% gt Subtardinly gatyrae the

cl ai m 1,ai/Whens Eth&ﬁo§taﬁ’(gﬁl%wdggn@&pﬁisﬁ%ul@m{ b Bluidt @gﬁo@%gé o? @pQahe
stage, wherein all of the nozzles in a first stage have the sane

first stayeny2&eany é@f@ﬁtonaﬁﬁthamr tothe-hp@idificds Fon exarepde ghoray bageouh 30°E
the Ssangng SCRDE0% t’é’llfgfv@ guﬂfcﬁ@'ﬂgﬁﬁﬁ 20°F and abmht 10?2; re%ﬁ@e }91%@

augrrentatlons stemof clalm?2 ereln eac € NnNozz eys in the
first sUA8) ar Withsaeh yhycedon humidified tosnbsewshNy Gpsane deatssthmeritiad Yolurnhef

25sane E?Irﬂptuzpltls (afllf&rhl(ﬂ}]%gﬂnlidmeg %9%1\%&9? ﬂm%tdv%lﬁ ‘CIOSS-Sec 1or{af1are? nu? p g{ﬁ?arhty of

augment at1 on system™ alm conprising a p Ur el
st ages cfbungy zndsdelivdrangeliqrid He @mhsthMagbspuﬁmmozzﬂesuayems@amewnmy

equi di Sthﬁl%diifiésoma QfYet %QQB&eEOnvgﬁt%%gli ngzfeherrzgry b\%flelclg Ia(r:)e: ﬁeswned to attempt to
humidify the overall cross-sectional area of the duct at one time. In addition, the nozzles are
arranged to optimally distribute the water as evenly as possible. At maximum flow; i.e., when all
five stages are activated, there may be one nozzle about every four inches, staggered on either
side of air gaps A and B. As such, the array is able to cover substantially all areas of the air gaps
in the horizontal and vertical directions. As a result there is no or a very minimal amount of
local over-saturation and the mixing of air and water is much improved.
[0076] The conventional arrays also do not divide the overall cross-sectional area into a
plurality of subunits and then deliver the required liquid to each subunit. As such, local areas of
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 than with conventional systems
at the same, non-saturating water flowrate. Further, the mixing occurs near the array as opposed
to further downstream. This gives the spray more time to evaporate before approaching or
entering the compressor. The present design spreads the nozzles, that will be spraying at any
given time, more evenly over the inner area of the duct than conventional arrays. Thus, the
nozzles are positioned to maximize water evaporation.
[0077] In addition, the nozzle set-up may position areas of greater humidification or even
saturation next to areas of less humidification or relatively dry areas. In some embodiments,

some subsections or air gaps may be larger than others and may receive less liquid. The larger
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5. The power augnentation systemof claim2, further conprising a
30plurality of third stages of nozzles, each third stage of nozzles
conprising a plurality of third spray nozzles in a third staging
arrangenent, each third spray nozzle configured to humdify the air
as the air noves through the subsections by spraying |iquid.

6. The power augnentation systemof claimb5, wherein one first stage
of 5nozzl es and one second stage of nozzles are positioned adj acent
each other and together, define a first subunit of a unit of the
nozzl e array, wherein one third stage of nozzles is spaced fromthe

first subplfial be bdjgeehiy dnshilst @@ewBith Ay Bé ashedBf liglid QIRnRELORFIRE MdNhdzer
of the unit, ... Wherein the nozzle array is_conprised
of a pl GF &P Pableatee peat ofhymififisalion Moy Ay et MPfrendipHe & Heg olediand eter
first suRumetwaad tidReSRGRAG MMeS the difficulty of the spray finding the driest possible

air. This is achieved by a system that divides the total cross-sectional area and, therefore, cannot
be achieved by the conventional arrays. Conventional areas often have many consecutive areas
of saturation or over-saturation. Because the saturated or over-saturated air is relatively far away
from unsaturated or dry air, there is less of a chance that the dry air and saturated or overly-
saturated air will mix, especially near the array where it is most beneficial. This is one reason
why conventional systems tend to over-saturate the air in certain areas while leaving other areas
of air dry.

f0078] In addition to being arranged to cover substantially the entire area of the air gaps, the
present design takes advantage of the motion of the air in the duct inlet to maximize the mixing
efficiency downstream of the array. Thus, it more effectively uses the flow patterns generated
near the silencer, which substantially homogenizes the flow of air. In this regard, the nozzle
stages extend along the same direction as the silencer elements. In the embodiment shown, this
is along the vertical direction.

[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 and then to the liquid
distribution conduits 300. Nozzles may be selectively opened to spray atomized water droplets.
[0080] To activate the nozzle stages sharing the same pump, for example, the first stage
through the fourth stage, these stages of nozzles may first be pre-filled with liquid. This is to
minimize the time it takes to stabilize the system after changing a stage. The pre-fill operation
may be conducted as follows. The control system determines that the active stages need to be
changed; i.e., a stage may need to be deactivated or activated. In one embodiment, every staging
action opens one stage and closes another except when the fifth stage is activated. The controller
opens a pre-fill valve for the stage that is about to be activated. A low pressure pump, which

operates at less than about 200 psi, starts and fills the stage to-be-activated. When the pre-fill
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defines a first subsection of the cross-section of the passage,
wherein the units are spaced apart so as to define a second
subsection of the cross-section of the passage, and wherein each of
the first stages of nozzles, each of the second stages 15 of nozzles
and each of the third stages of nozzles are configured so that
together, they are capable of substantially equally humdify the air
fl owi ng through the subsections, at any anount of |iquid spray.

7. The power augnentation systemof claim®6, further conprising a
plurality of fourth stages of nozzles, each fourth stage of nozzles

conpri sm@ha a 2&tapl presshiie] M‘llealvfeQ'sl rctobecsﬂfdame Pe&B lieStoppeda A onbid Bage valve
staging arr nent eag? gﬁuth spra nozzle conflgured to hun1d|f¥
the air Oagnst %11‘?“’ HgFe OTER i i§ APGIRS ¢ delve e thsyptagp Peips Frgradiih s
wher ei n 1g3gdlerhtdihéht ShagRt Rhod194Ra9S opehedBFTbk icRBRE (1RHRE ARte BREsukd that
stage of nozzles and one second stage of nozzles to further define

the firdhe REHURPPIOVETDaETBresR; t 5. 8. The power augnentation

system ghosal ai mgam}glbﬁ{ttchﬁﬁtl&‘@qﬁ)%ﬁ:h RPrad st Bdgetave &’[en rbc{utu@ lz§rtr@-g§§it19|ts
nozzl es, each fifth stage of nozzles conprising a plurality of
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subsections by spraylng
given time. As provided above, the present array may be driven by a variable speed pump. The

array may require a flow range of about 4 times for arid conditions. (This is calculated by taking
1.3 to the fifth power (1.3°, for the five stages).) The turndown is driven by the range of ambient
conditions covered. For temperate systems, a range of 2.4 times is adequate and therefore only
four stages are needed by these systems As provided above, the conventional systems suffer
from disadvantages in using fixed pressure, re-circulating pumps. The VFD pumps used in the
present design substantially reduce or eliminate these problems. These VFD pumps match with
a four stage design because the pumps give the same 2.4 time-flow range that a four stage array
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
divided by the design flow rate, which is equal to 1. In other words, it is the fraction of total
distribution conduits in the array that are actually flowing at a given time. At full flow,
fractional flow is equal to 1. At 2, about half the pipes are flowing and about 0.25, about 4 of the
pipes are flowing.

[0083] The data of FIG. 6 was obtained by calculation. For each gap, it was determined what
fraction of total distribution conduits in the array are actually flowing. With respect to the
present invention the two air gaps; i.e., gap A and B (FIG. 5) were examined. It was determined
how many nozzles were flowing for one gap versus the other gap. This determined the
theoretical ratio of over-saturation. In other words, the test compared the amount of water in

subsection A versus the amount of water in subsection B. The slight over-saturation that may
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liquid therein, wherein each fifth stage of nozzles is positioned

adj acent one third stage of nozzles to further define the second
subuni t, wherein the stages on each unit are capabl e together,
of delivering an amount of liquid required to substantially equally
hum dify the air flow ng through the first 5subsection and second
subsection at any anount of liquid spray. 9.A nethod of hum difying
air for increasing output of an engine, the nethod conpri sing:

provi ding an air passage having at |east one air inlet and a total
cross-sectional area through which air flows; 10dividing the

Cr oss- segtdrofid tharpae@f intdidomiy sppRSRAGA rhall Sccdr Qﬁlyrvaieh Tc}thé?fstaoe 3 or 4 is
subsecti ons, each haV|n% an area snaller than the to
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of nOZZ'e@&m 1828Mab2ha08, GRAPMAS NG Ridht Wil & Ser-BRREiESH&RNE! Gitked s
to inject uid into the plurality of subsections, each stage having

a mater‘?“ﬁ%%operatlng range; 15providing an engi ne down stream of
the air [padsgt RF & BRo ShEGE e evel of over-saturation in the air stream surrounding the

injector, which is defined as halfway to the next pipe on each side for the convention array and
per air gap for the present design. This is the point from which any post injection mixing starts.
FIG. 6 shows that the level of mal-distribution; in other words, overly-saturated areas and overly-
dry areas, are generally much less with the present array than the conventional array.
Additionally, gaps “rich” with water and those that are dry are adjacent. The flow is layered as
slightly oversaturated followed by slightly dry, followed by slightly oversaturated, etc. This is
not the case with the conventional systems. For example, at about 0.23, about 3.7 air gaps are
over-saturated with the conventional system but only about 1 is saturated with the present design.
FIG. 6 also shows that the laterally repeatable mal-distribution is in the same plane as the
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 invention.
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nozzl es; determning a tenperature and humdity of the air at
a first tine; determning an anount of humdity required to increase
the output of the engine; and 20providing, via the nozzles, a first
anount of liquid to a plurality of the subsections, wherein the first
amount of liquid is that which is required to substantially equally
hum dify the air flow ng through the subsections, across the entire
wat er flow operating range, in the anount required to increase the
out put of the engine. 2510. The nmethod of claim 12, wherein the first
anount of liquid provided to the subsections.is substantially
proportional to a fractional cross- sectiloMMS area of the particul ar

subsection. |1. ypgigekiaedi9f claiml1l2, wherein the stages of nozzles
are positioned such that they divide the cross-sectional area
of the passage into the pBfRAVEF puBmEpRIGDYEBESOMPETIRE: 12. The

TP L 14 et SRRSO U 5 A e e
5  the passage of air therethrough;

a turbine positioned downstream of the air inlet;

a nozzle array positioned downstream of the air inlet and upstream of
the turbine, the nozzle array comprising a plurality of stages, the nozzle array
defining a plurality of subsections of a cross section of the passage through which air

10  passes as it moves through the nozzle array toward the turbine,

wherein each stage comprises a plurality of nezzles configured to
humidify the air moving through the plurality of the subsections by spraying liquid
into the plurality of subsections,

wherein each stage is configured to spray varying amounts of liquid,

15 and

wherein the stages are configured to substantially equally humidify the
air flowing through each subsection of the plurality of the subsections at any amount
of liquid spray.

2. The power augmentation system of claim 1, wherein the stages

20 comprise a first stage and a second stage, wherein all of the nozzles in a first stage
have the same first staging arrangement and all the nozzles in a second stage have the
same second staging arrangement.

3. The power augmentation system of claim 2, wherein each of the
nozzles in the first stage are configured to simultaneously spray substantially the

25  same amount of liquid into the subsections.

4, The power augmentation system of claim 2, comprising a plurality of
first stages of nozzles, wherein the first stages of nozzles are spaced equidistant from
one another, creating the subsections.

5. The power augmentation system of claim 2, further comprising a

30  plurality of third stages of nozzles, each third stage of nozzles comprising a plurality
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13. The method of claim 15, further conprising: nonitoring and
determ ning the anbient tenperature; and 5if the anbient tenperature
I ncreases beyond that neasured at the first time, providing, via the
nozzl es, a greater anount of |liquid to each subsecti on,

i f the ambi ent tenperature decreases beyond that neasured at the
first time, providing, via the nozzles, a |lesser anount of liquid to
each subsection. 1014. The nethod of claim 15, further conprising:
nonitoring and determ ning the anbient humdity; and if the anbient
hum dity increases beyond that neasured at the first tine, providin
via the nozzl esof Hhitdefsay negrsanin dhifd sagie praegrRnts Girdeti otpray; pozzise
ambi ent  hum di t Yon#e6k8 aSRinilRYy ARG AAdke ALASIHS fitoddh th@%xbl&iibﬁféﬁa dptdPhg

providing, via the nozzles, a greater anount of liquid to ea
subsecti on. liquid,

6. The power augmentation system of claim 5, wherein one first stage of
5 nozzles and one second stage of nozzles are positioned adjacent each other and
together, define a first subunit of a unit of the nozzle array,
wherein one third stage of nozzles is spaced from the first subunit, the
third stage of nozzles defining a second subunit of the unit,
wherein the nozzle array is comprised of a plurality of repeating units,
10 wherein the space between the first subunit and the second subunit
defines a first subsection of the cross-section of the passage,
wherein the units are spaced apart so as to define a second subsection
of the cross-section of the passage, and
wherein each of the first stages of nozzles, each of the second stages
I5 of nozzles and each of the third stages of nozzles are configured so that together, they
are capable of substantially equally humidify the air flowing through the subsections,
at any amount of liquid spray.
7. The power augmentation system of claim 6, further comprising a
plurality of fourth stages of nozzles, each fourth stage of nozzles comprising a
20  plurality of fourth spray nozzles in a fourth staging arrangement, each fourth spray
nozzle configured to humidify the air as the air moves through the subsections by
spraying liquid,
wherein each fourth stage of nozzles is positioned adjacent one first stage of
nozzles and one second stage of nozzles to further define the first subunits of the
25 units.
8. The power augmentation system of claim 9, further comprising a
plurality of fifth stages of nozzles, each fifth stage of nozzles comprising a plurality
of fifth spray nozzles in a fifth staging arrangement, each fifth spray nozzle

configured to humidify the air as the air moves through the subsections by spraying
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15. A net hod of augnenting power of a conbustion turbine by
hum di fying air, the nethod conprising: provi ding the
conbustion turbine and an air passage upstream of the conbustion
turbine having at |least one air inlet and a total cross-sectional
area 20t hrough which air flows; di viding the
cross-sectional area of the air passage into a plurality of
subsections, each subsection having an area snaller than the total
cross-sectional area,; providing a plurality of

nozzl es adj acenf. each subsection e nozzl es 25conf.i.gure to |n
liquidinto thehﬂ)‘f' rt]ﬁ‘f‘?’ywwel%ﬁi@e't&% 8?&5;5# nozzles is positionsd A¢jagens cj“ "d
the plurality oftagd n5uR8es s defiddthasaeomt sublini2 | i quid required to
substantially equally hum dify the air flomnng t hrough _t he
subsections, across #franthestesansach phire piable .’t%@thrﬂaﬁ‘g@chvermg an amoypt

The net hod of ©biqid Rautfaab SUEaNBLATRUNY hiafid) Meiath R ARshoh e i

subsections is substantially proportional” to a fractional
cross- sect i ohal subsestiomandtspeond gilsectioh gheny amount of liquid spray.

9. A method of humidifying air for increasing output of an engine, the
method comprising:
providing an air passage having at least one air inlet and a total cross-
sectional area through which air flows;

10 dividing the cross-sectional area of the air passage into a plurality of
subsections, each having an area smaller than the total cross-sectional area;

providing a plurality of stages of nozzles, each stage comprising a
plurality of nozzles configured to inject liquid into the plurality of subsections, each
stage having a water flow operating range;

15 providing an engine down stream of the air inlet and the stages of
nozzles;

determining a temperature and humidity of the air at a first time;
determining an amount of humidity required to increase the output of
the engine; and

20 providing, via the nozzles, a first amount of liquid to a plurality of the
subsections, wherein the first amount of liquid is that which is required to
substantially equally humidify the air flowing through the subsections, across the
entire water flow operating range, in the amount required to increase the output of the
engine.

25 10.  The method of claim 12, wherein the first amount of liquid provided
to the subsections is substantially proportional to a fractional cross-sectional area of
the particular subsection.

11.  The method of claim 12, wherein the stages of nozzles are positioned
such that they divide the cross-sectional area of the passage into the plurality of

30  subsections.




17. The method of claim 19, further conprising determning a
Stenperature and humdity of the air before the hum difying step.

18. The nethod of claim 19, further conprising determning the anount
of water required to substantially equally hum dify the air in the
subsections after the determning a tenperature and hum dity of the
air step. 19. The nethod of claim 19, further conprising
providing at |east three 10different stages of nozzles in the
providing a plurality of nozzles step, wherein each stage of nozzles
has a different nozzle configuration. . 20. The nmethod of claim
23, wherein the anoudt offheimghed iohjdamedti whermie prassrastiaprhgreat efpescd

ot hod of ol ai mDE e b o ol unt "o 15w
, g providing an anount of 15water
required to substantlal | Jheq\ataggyfthm 1§; fugtherisempiiiging'n t he subsecti ons
after the monitoring and determining the ambient temperature; and
5 if the ambient temperature increases beyond that measured at
the first time, providing, via the nozzles, a greater amount of liquid to each
subsection,
if the ambient temperature decreases beyond that measured at
the first time, providing, via the nozzles, a lesser amount of liquid to each subsection.
10 14, The method of claim 15, further comprising:
monitoring and determining the ambient humidity; and
if the ambient humidity increases beyond that measured at the
first time, providing, via the nozzles, a lesser amount of liquid to each subsection,
if the ambient humidity decreases beyond that measured at the
15 first time, providing, via the nozzles, a greater amount of liquid to each subsection.
15, A method of augmenting power of a combustion turbine by
humidifying air, the method comprising:
providing the combustion turbine and an air passage upstream of the
combustion turbine having at least one air inlet and a total cross-sectional area
20  through which air flows;
dividing the cross-sectional area of the air passage into a plurality of
subsections, each subsection having an area smaller than the total cross-sectional
area;
providing a plurality of nozzles adjacent each subsection, the nozzles
25  configured to inject liquid into the plurality of subsections;
providing to the plurality of the subsections, an amount of a liquid
required to substantially equally humidify the air flowing through the subsections,

across an entire water flow operating range.
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determ ning the amount of water required to humdify the air step.

15

16.  The method of claim 19, wherein the amount of liquid provided to the
subsections is substantially proportional to a fractional cross-sectional area of the
subsection.

17.  The method of claim 19, further comprising determining a
ternperature and humidity of the air before the humidifying step.

18.  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.

19.  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.

20.  The method of claim 23, wherein the amount of liquid injected in the
humidifying step is based upon the temperature and humidity of the air.

21, The method of claim 25, further comprising providing an amount of
water required to substantially equally humidify the air in the subsections afier the

determining the amount of water required to humidify the air step.
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