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APPARATUS AND METHOD FOR COOLI NG COVBUSTI ON TURBI NE | NLET, ﬁl R U?é#% LI QUID
HYDROCARBON FUEL Background of the invention The present LhOUSHS el ates
generally to power plants and nore particularly to Power plants that use
conbustion turbines that are powered by hydrocarbon gases, such as natural
gas or propane. The hydrocarbon gases that are used to power such
facilities often arrive in liquified formand are vaporized prior to use.
Vapori zation is conventionally done by burning sonme of the fuel or by
warm ng the liquid agai nst sonme ot her heat source. The perfornmance of
conbust rmardtus Rivh @ErHbS rad beGERH chisusrBY FREEND bnfra Gl QB neQM@urdf actor is

anbi ent mrocprBFUEe. Al r pressure is affected by altitude, weather-induced
changes in baronetric pressure, and pressure | osses associated with the

ai r fl ®acichiuatsiihd ilNefionducts, filters, etc. The performance of conbustion
tur bi nes i STilpfentint@BSE@1aRY gdnBAIRH PbWE $1a0E aldork Barfiulari@td popOPUSL T O

]
turbines typically exhibit aloss in power output as Oaﬁ?g! ent air
L enper pla af lss @nbuldRRihds @ driphlcRR bP R QRBAEEeC 3 Raflf] | ned Lo be 100%
- of its "rated!' value when operating at” | SO coRdifions of sea |level and

15* C E%tphpaneAl t hough the actual relationship between tenperature and
performance varies, power outlet typically drops to 80 or 85%of its |ISO

rated out pulheWdecatboe gdse it adhufed kESEVEF AbILAIIKd: S8S drBvedl 9@%35' C (95 F).
On the other hand, when the inlet air tenperatures is only 7* C (45* F),

power  fuinfand argPaporied fi@ aASEe ! VapbARto®fs coriventiomitly daled bRttiR Yome & 30% .
| nprovenent over high-tenperature performance. Thé demand for electric
power (hefic! brity waahingihefiqued Sainktisérhé other héat @hdcgn great est at those
The perfonnénce of combustion turbines is affected by a number of factors. One
factor is ambient air pressure. Air pressuré is affected by altitude, weather-induced changes
in barometric pressure, and pressure losses associated with the air flow through inlet ciucts,
filters, etc.
The performance of combustion turbines is also affected by temperature of the inlet
air. Combustion turbines typically exhibit a loss in power output as the ambient air
temperature rises. Combustion turbine performance can be defined to be 100% of its “rated”.
value when operating at ISO conditions of sea level and 15° C (59° F). Although the actual
relaﬁonship between temperature and performance varies, power outlet typically drops to 80
or 85% of its 1SO rated output when the inlet air temperature rises to around 35° C (95° F),

On the other hand, when the inlet air temperatures is only 7° C (45° F), power output may

 increase to 105% of its ISO rated output, a 30% improvement over high-temperature

| erormance.
The demand for electric power (and the value of electricity) is often greatest at those
times of high ambient air temperature, when air-conditioning loads are maximized, Co- _
pending application ser. no. 09/591,250, filed June .9, 2000, describes how a heat-exchange
fluid stored in a stratified tank may be used to cool the inlet air at such facilities.

SUBSTITUTE SHEET (RULE 26)




times of hlgh anbient air tenperature, when alr-condltlo%ﬁ@g@ 6are
maxi m zed. Co- pending application ser. no. 09/591, 250 9, 2000,
descri bes how a heat-exchange fluid stored in a stratified tank may be
used to cool the inlet air at such facilities. SUBSTI TUTE SHEET ( RULE 26)
21 August 2006 Summary of the invention In accordance with a first aspect
of the pré@@ﬁ@ﬂﬁﬁﬁﬁﬁtﬁﬁﬁﬂ there is provided a nethod for cooling inlet air

for a conbusti Oﬂaoh&rﬁé}icﬁ Qrfthl & lflf&gas@elﬁ@ﬂﬂhe Iﬁ%@érrt awehRAdRerE Is %kﬂld@@gﬂfeth%li ng the

steps of: Led.the orij si,ng

r ef Irol ger af °$ g&hy%lrg%&%? c’fnﬁbé" théurglp?l Sk %%OOL%%E@E%WEH@ CPTRISEHS Blﬁ’t ai ni ng

t he cool Béps Ofegl@fwiﬂ@étfﬁllf@ﬁ thefmal momﬂ teng by wariofisiegrelrigbratethydratadioage! t ank. |1 n
accor danc ggamst fhe AeRRKERAARRES it thd BodP hER %mhaﬁd%\fﬁfatfﬂoﬁlrbaldtst}gtrﬂ@d i's provided

a power Ian raggg EI ng: a vaporizer arranged to vaporize l1quid

hydrocar b ﬁ"?%@ st a heat-exchange fluid and a combustion turbine
with an inl et biacceadaicewitic has@od aspectad theprdsh@tnveitien, thowarprgddadta f urt her

CONPri Ses pgdr B%ﬁ%lﬂpﬁél&f 895k 'a}réﬁ%%dftﬂapB%rh% g%ﬁro%glr ﬂ'ltl fubd a%gllrétt Lring of

heat - exchange urd and peri odi cal drawi n exc uid to cool

‘the inl et "GFXC E'Pﬁ?&lﬁlldr?@ﬂta§°’apusf'%t”i5ﬁ”€§\§tﬁta“|' éﬁﬁ?‘?%c*éaé%t@fz?‘b'ﬁtﬂ?a&@?y capture

t he " col dpovas piantef@mhegmhaine@b d thepuiabstéryighs facinty b thefrbt@ll stadfitbdltdring s8Rai-t t 0 cool
L ! B eRhdndd LB hE ferofiedly SRARHOELAHoRdrl RUOR cobind fighis N0 € 1° Need Lo

either burn o for vapo 'on or wa the "col d"
agai nst sone oF'ﬁB‘Pd“ﬁ%"@W@“‘@”t’a‘f@dﬂwaﬁéﬁ‘ﬁ@vwapmefhe“@dldfdr an i ndependent

cool i ng Stémgéletedlllbﬁd RydBsEibaR fileFanafutifZee it By @8aRd inlehyidiebiefoGRddn@idiBhe a povver
e o SBayro v e SRR of bt W oSSy T
generat i Oiﬁe 'cold” against some other heat source, and by reducing the need for an mdependent
cooling source, the embodiments of the present invention can enable a power generation
facility to operate more efficiently and cost effectively.
The refrigerated liquid hydrocarbon fuel that is used to fuel the power generation
facility may be vaporized against a heat-exchange fluid in a vaporizer. The heat-exchange -
~ fluid could be any of a variety of liquids, including water or a methanol/water solution. During
vaporization, the heat-exchange fluid cools. A re-circulation circuit connecting the
downstream side of the vaporizer with its upstream side may be provided for selectively re-
_ circulating cooled heat- exchange fluid back to the vaporizer for further cooling.
Some of the cooled heat-exchange fluid may be periodically directed to storage in a
storage facility. Preferably, the heat-exchange fluid is stored in a stratified condition, with the.
cooled heat-exchange fluid being directed into the bottom of the storage facility. When the
fluid is needed for vaporizing the liquid hydrocarbon fuel, it is drawn from the fop of the
storage facility. _
Cooled heat-exchange fluid may be delivered to an inlet air cooler associated with the
“combustion turbine. The cooled heat-exchange fluid may come directly from the vaporizer, or

from storage, or from both in combination. Periodically, the heat-exchange fluid used to cool

air cooler cools the inlet air to the combustion tur'bine, improving the efficiency of the turbine.
The heat—excihange fluid warms as it cools the inlet air. The warmed heat-exchange
fluid

the inlet air may be-drawn from cooled heat-exchange fluid in storage: In-any event; the inlet e



facility may be vaporized agai nst a heat-exchange fluid i i.zer. The
heat - exchange fluid could be any of a variety of I|iqui dsé,j' '?ur%’c\(’?ﬁ%?dr?é wat er
or a nethanol /water solution. During vaporization, the heat-exchange fluid
cools. Are-circulation circuit connecting the downstream side of the
vaporizer with its upstream side may be provided for selectively re-

circul ating cool ed heat- exchange fluid back to the vaporizer for further
cooling. Some of the cool ed heat-exchange fluid may be periodically
directed to storage in a storage facility. Preferably, the heat-exchange
f1ui d Pay bereyraed th fheyaporiperfirfusesi vaporizing addionabilituifiéd rael. Paplrgyheat - exchange
fluid being directed into the bottomof the storage facility. Wen the

f1 ui d some pblbeiwatmedheat-aqobange fridmbhie: eiumed & shyahe OWREBOhdat@lchankd | S dr awn

from tfﬂ:‘?d .gotgr gf_ the storage facility. Cool ed heat-exchange fluid may be
elivere evarged beatakadngd iUt hécbe reMRYEIth@N tur bi ne.
del | d° £'8"4 /M 9 Hiakfied gpaditepgh d beatakertngs i oY & t bi

The cdep efdhesierageaciing o WhicHiitGalR¥er 5988w fromthe vaporizer, or
from shpsrage, or fromboth in conbirnat i gn?’ﬁ%b%ﬁ?%’a ﬁe)}',] he heat - exchange
fluid used to cool the inlet air may be drawn from cool ed heat-exchange

f 1 ui d Briaf &bsaiptioef tHedrauiyy event, the inlet air cooler cools the inlet air

to the conbustion turbine, inproving the efficiency of the turbine. The

heat - exc hdibg éventioh danRufiBersifod forcdhl$ b Bferﬁ'ﬂg't@ﬁ\ b Hﬁﬁiﬁ@,d :
heat - exchange flwuid 2 21 August 200% irray e rgtur%{%%;ptﬁ% t he®vapori zer for

use iiwhighori zing additional liquified fuel. Periodically, some of the
war med heat - exchange fluid may be returned to storage. \Wen the

heat - exch@pgeis afskhitindtid Few b Ser fhcifty fhaf Akildd n?&pﬂ,% ' war med
heat - exchange fluid may be rp;étar nel%tyto ltﬂ{e“iektg[g% 0 eﬁt&?}e ?%“S“é facility,
fromipeinGdh. it can | ater be drawn off as needed for use in the

Detailed description of the drawing
‘ i "I‘hc power facility that has been illustrated in fig. 1 i-ncludesa set of vaporizers 10, a
‘ . lstorage facility m the form of a stratified tank 12, and a pair of inlet air coolers 14 fora paér of
comBusﬁon turbines 16. The co.mbustion turbines operate on a hydrocarbon firel, such as natural
gas or propane. The ﬁel is provided in refrigerated, liquid fom-1, such as liquified natural gas.
(LNG) or liquified petroteurn gas (LPG).
| Bcforg it can be used to. fuel the combustion turbines 16, the liquified hydrocarbon fuel
must be vaporized from its liq\;id-st;te into a gaseous state, The illustrated vaporizers 10 can be

 used to vaporize a refrigerated fuel. Vaporization is achieved by puiting the liquid fuel in

" thermal contact with a warmer heat-exchange fluid, withou,t freezing the heat-exchange fluid. In

~--some applications; such as the one illustrated; thé'vapbﬁzei-' canbea verucal shell-and-tube heat
exchanger designed to handle a flow rate of 1200 m®/hr of heat—excﬁange ﬂuid. Other kinds énd

ﬁz_es of heat exchangers can also be used. and the nuinber of vaporizers can vary.

3.



vaporizer. Brief Description of the draw ng The invention Faﬂ %ﬁz&ﬁ?erstood
nore clearly by referring to the acconpanyi ng draw ng, %

a schematic view of a power facility that includes an enbodlnent of the
present invention. Detailed Description of the drawing 'Me power facility
that has been illustrated in fig. | includes -a set of vaporizers 10, a
storage facility in the formof a stratified tank 12, and a pair of inlet
air coolers 14 for a pair of conbustion turbines 16. The conbustion

turbi nes operate on a hydrocarbon fuel, such as natural gas or propane.
The fuel & vpregmifiiguidd aan bedsed gakicdteatebxclangpluil. flosome sBuntibnsawatéricapi f i ed

natural gas. LNG or liquified petroleumgas (LPG Before it ecan be used
to f udk uiedeSananibies thednatickidhbige @aid kon bd dwelulibrish hinkg nitidic emdvapar, f uel  nust be
vaporized fromits liquid state into a gaseous state. The illustrated

Vapor isgdhras oskQoRaifing 80% (5/6ekight) métard] adE70% b tibhpwate Ofpel . Vaporization is
achi eved by putting the liquid fuel in thermal contact with a. warner

heat - ex&ibaineSinéihdb sdonibt dRhink bREH nfbe IRSIBe oA ChRRES lokigd d. 1 n sone
applications such as the one-I'llustrated, the vaporizer can be a vertical

shel | paRgdtitR&atb %%assuﬁi(féﬂﬁ’aﬁ@ ﬁ&tasgﬁﬁl' rﬁkfh?éjsodiuﬂx Hend Ecﬁnﬁ'n lfuh'ﬁé’v ethfbife of 1200 &Aw

of heat exchauge ‘fluid. Gher kinds and sizes of heat exchangers-can al so

be US%@COI %ykh@gl%mﬁfeoﬁfamﬁﬁﬁﬁrdr%ﬁ{yﬁmGsaé?nn\{cﬁ‘lfay While & mYSHR M6 A variety

of liquids can be used as the heat-éxchange fluid. In sone situations,

vat er fé?c?abté‘%o U%%% (Bg%—%{clg?%? ﬂﬁxﬁ%glfgﬂ&t ﬂ?é%%?eﬂgfﬁ oftl{epélgiat?oﬁg it %y B SOl _ ution

cont al ni ng net ano
preferable to utilize different heat-exchange fluids in different parts of the system.

In the illustrated embodiment of the invention, refrigerated liquid fuel enters the
vaporizers 10 through liquid supply lines 20 at a temperature of approximately -160° C (-260° F).
Within the vaporizers, the reﬁ‘iéerated liquid fuel is piz;c.ed in thermal contact with the relatively
warm heat-exchange fluid that is supplied to the vaporizeré through warm-fluid supply lines 22,
In this situation, the temperature of the heat-exchange fluid in the warm-fluid supply lines is
about 20° C (70° F). .The thermal contact between the warm heat-exchange fluid and the liquid

 fuel vaporizes the refrigerated liquid fuel into gaseous fuel while the heat-exchange ﬂuic_l__coc;ls.
The gaseous fuel exits the vaporizer through gas lines 24, through which it is directed to the .-
cbmbus_tion ﬁrbin% 16. The cooled heat-exchange fluid e;cits the vaporizers through low-stage
supply lines 26. Here, the temperature of the gaseous fuel is about 10° C (50° F), and the

temperature of the cooled heat-exchange fluid is around 0° C (30° F).

Intermediate-stage fluid lines 28 can be-used-to direct cooled heat-exchange fluid to either
the stratified tank 12 or to the ijnlet air coolers 14. In some instances, the temperature of the

cooled heat-exchange fluid may be higher than desired.. Thus, it may be desirable to provide a



such as one containing 30% (by wei ght) nethanol and 70% (é)ly wel g&sa wat er .
Qther possibilities include a solution containing one or 18 ssodi um
chl oride, calciumchloride, potassiumacetate, potassium formte,
potassiumnitrate, sodiumnitrate, sodiumnitrite, ethylene glycol,
propyl ene glycol, aqueous anmonia, or anhydrous ammonia. Wiile it may
soneti nes be preferable to use a single heat-exchange fluid throughout the
system in other situations it may be preferable to utilize different

heat - h | ui ds i i ff t.pajt f t t In.t illustrated

emhodi BENERLoEr <h et i SrE P kibatort RRr OB et ane 7 °
i 10 through 1jgujd Ly i 20 t ture of

b oxiRa o R e ght: i Sberlpiak ke Lt R e T or 11 ger at ed

liquid fuel js placed in thermal_contact with the relatively warm
heat - é‘Y&ﬂ’t?a‘ﬁ‘ﬁ'éC”%”Bﬁ'? drepihsheh psdhequs fvsiEed o t he vapori zers through warm fl uid
supply lines 22. In this situation, the tenperature of the heat-exchange
fluid in tRelestaed rerieriaion pirapit fncivdes 4 vaporiges pump 3Qandas-piglatignpiperhe t her mal
contact between the warm heat-exchange fluid and the liquid fuel vaporizes
t he r SPihahenae bwd 19 sglgstively sesircplate soqeidsewscheags| fluigibaskdo theapseam - exchange
fluid cools. The gaseous fuel exits the vaporizer through gas |ines 24,
t hr ouditle Rhihe reppizersd 0 dorfetheragoling. t he conbustion turbines 16. The cool ed
heat - exchange fluid exits the vaporizers through | owstage supply lines
26. Here, Wik itlesirpied cpphedimentfof fhgénvgative ghesrefcizeilation pigés@dtincide a C (50'° F), and
the tenperature of the cool ed heat-exchange fluid is around 0* C (30* F).
| nt er rerdtatspépcdoregeh viaberizer 10i Heoh pip® isqaevidsd with e ce-¢inuldiianeglive ¢bibhted
heat - exchange fluid to either the stratified tank 12 or to the inlet air
cool ercentbl. the ffowsitreat exchbrgn 8wid fo ksvespeatimpeparizsr. Regdirclitimg saoodfdi heat - exchange
fluid may be higher than desired. Thus, it- may be desirable to provide a 4
- 21 Augodtd iR@eBchasgdintdack/foceben phss tlomgh the vepokiesdd caesecthaeg@ehtutei d t o
tenperatures |ower than those provided by a

- of the cooled heat-exchange fluid in the low-stage supply lines 26 to decrease.

The inlet air coolers 14 are adapted to utilize the cooled heat—ekchange fluid to cool inlet
air for the combustion turbines 16. The air coolers may be, for exa.mple finned tube heat
exchangers. The cooled heat-exchange fluid ﬁ1ay be supplied from the intermediate-stage Iinel

28. An auxiliary air (;ooler (not illustrated) may be provided to supplement the cooling of the
inlet a.h: fdxj the combustion turbine.

In the illustrated embodiment of the invention, ambient air enters the inlet;. air coolers 16
through ducts 46. In soﬁe situations, the temperature of the ambient air may be as high as 35" C

(95° F) or more. Within the air coolers, the ambient air is placed in thermal contact with the

cooler valve 50 on the intermediate-stage lines 28 controls the flow of heat-exchange fluid. The

type and position of the air cooler valve may vary.



J

si ngl e pass through the vaporizers 10. One useful way tou%ﬁﬁth @8 he
heat - exchange fluid is -Wth a re-circulation circuit s

illustrated. The illustrated re-circulation circuit includes a vaporlzer
punp 30 and re-circulation pipes 32 that can be used to selectively
re-circul ate cool ed heat-exchange fluid back to the upstream side of the
vapori zers 10 for further cooling. In the illustrated enbodi mnent of the

i nvention, the re circulation pi pes 32 include a separate pipe for each
vapori zer alve 44 t hat

control s thhef ovx‘?"ro OEE’EA%%EB% ﬂﬁ%nq?:%?%e{qg{:ﬁag}l%%%%@“ n }{??porl zer. |
R
pass. [fﬁﬁ%%wgﬁﬁ %@Ff%ﬂ%ﬂw B arar e e PRBEHl ed

heat - e cha t he |0MFSta up nes 26 to decrease. The inlet
air coUMEnemy Bfi Sulispai i AP ERE: %%@@aatr?éawe@m%fﬁgg fluid to

cool inlet air for the conbustion turbines 16: The air cool ers may be, for
exanpl(%s 7 Piriess it thepeorpadad to @%E‘f‘i‘&’ﬁﬁ’é’?‘é’”""?‘ﬁ@%@%&"m@dﬂ[e@?@:hyﬁgé fluid may be

uppli,ed fromthe internmedi ate-stage line 28. An auxi|iary- air cooler (not

| |||ust!ﬁﬂ%haksa‘)atﬁ'agﬁr%@eB%Wééaﬁ@ﬁh@ﬁﬁﬂ%ﬁﬁ%ﬂ%@nmﬁ? o8t Fkese inlet air

for the conbustion turbine. In the illustrated enbodi nent of the invention,
anbi erferearerthegerey atnuhef aicambystion trbimg by #%s ormgore hr ough ducts 46. In sone

situations, the tenperature of the anbient air nay be as high as 350 C
(95 F) orThewreanedheatiexehangsdluidiexitsdbroinist air copls 14 tyuehtetuat Yine 4./ aced i n

thermal contact wth 'the relatively cool heat-exchange fluid fromthe
i nter Mll&tf@edsftﬂé’g@mnﬁﬁﬂw yphioy; the teapepature gfthervarmedrot-axchaugd flied 50 on t he
i ntermedi ate-stage |lines 28 controls the flow of heat-exchange fluid. The
type ahﬂ:e Y5051 lireomaypte ardwad 36°C @Fdl)erOng baneh afthe r%ulalilyes l@ddtciedhst 2006
warm-fluid suppiy lines 22. Another branch leads to the top of the stratified tank 12. A tank
valve 56 on that branch of the return lines controls how much of the warmied heat exchange-fluid
| is directed to the stratified tank. The type and location of the tank’valvé may vary.

Cooled heat-exchange dfluid that is not immediately needed for cooling inlet air can be
sent to the stratified tank ‘12 through a cold supply line 60. The cold supply line communicateé
with the bott'om of the stratified tank, in which the heat-exchange fluid is stored in a stratified
condition. In some situations, such as the one illustrated, it may be desirable lor the tank to have
a capacity of approximately 50,000-100,000 m®. In this situation, the tank should be extgmally
insulateci and should include top and bottom distribution systems specifically designed to

encourage thermal stratification of the stored heat-exchange fluid.

Cold, high-density fluid is stored in the bottom of the tank 12 and warm, low-density .

fluid is stored in the top of the tank, resulting in stratified storage. When temperatures below

around 4° C (39° F) are desired, use of a fluid other than plain water may be desirable because



In the inlet air coolers 14, the thermal contact between t%e warm gnbi ent
air fromthe ducts 46 and the cool heat-exchange fluid frRorH4oHzt 2%

i nternedi ate-stage line 28 cools the inlet air while warm ng the
heat - exchange fluid. The cooled inlet air, preferably at a tenperature of
50 C (45 F) or less, is then provided to the conbustion turbines 16
through turbine inlets 52. Using inlet air at a tenperature of around 50 C
(451 F), instead of a tenperature of 35* C (95 F), can increase the power

Out Ut 0 ferfer QRN RfbsibrhiB bl ol AL i UG (T IEMRY [BsPat - exchange

0,
fluid exits the inlet air coolers 14 throug et'urn Trnes . In the
i||-ustgﬁiﬁ&&m&gﬁ%eﬁ$ﬁghe invention, the tenperature of the warnmed

heat - exchange fluird Tn the return |ines maybe around20' C (70° F). One

branch of i of | eads ck .t o t.he rmfluid supply |ines 22.
Anot her br gqurﬁgg? Re’gg'gﬁzt]&c})1 ”ﬁeﬁgﬁt‘c"ép}g%’gfmt%ﬁgmsbf P%etd?? fc’é@gtw 'ka"?tif?’wﬂ“‘ggni val ve 56
on th f the.return.lines.controls _how nmuch of the warnmed heat
eXchaﬁ%gf-&? ?%?%‘c a}ngeﬁl“rl lesgfr%%f"gtt%ﬁl? ﬁ@uﬁ 2k 12; ég]mf’ﬁﬁ’}%.co ®8ype and | ocation
heat - exchange fluid that is not

of the nk val.ve vary.. Cool.ed. he !

i mredieé{%he eﬁr{fédelﬁl%etﬁ‘ﬂ%tlpmé%%qr‘i“%‘?‘iemﬂﬁp@t“ vhep thegalupaf or aes forcepling ghest rat i fi ed
tank 12 thr h a,caold su . |line 60. The cold supply |ine communicates

“with tRE *‘Hof?#gerﬁ"B‘P“iot‘ﬂ‘étugﬂ"Egﬁ‘%/‘Fl!“’é"d Seading coplgd hst-epshangeidipttbex change fluid is

st ored '}ig@ta%ﬂ) i fied corf‘;di Hdgn I n sone, situations, such as the one

i 11 usoFEEEE ok Puligaup Bseaeof fostsr Beat-gxchpngg flyid thet 25 bpdrpwn uppndlapiegci ty of

appr oxi mat EII%/ 50, 000-10Q,000.in. In this situation; the tank should be

ext er MSHF yher the YAPoizationl e syidgsrated; iquid fesd daes pot arnyidp sificient eoling fobut i on

syst ens ecifically designed to encourage thernmal stratification of the
st or efoH QIWEH%WE;éESf"Fq}F\T!- Col d, high-density fluid is stored in the
bottomof the tank 12 and warm |lowdensity fluid is stored in the top of
the tank, Yoafesiredgvary heatesahoree Buid serhealravn Sarethe top fibe sttatifiestadkel ow  ar ound
4" C (39 F) are desired, use of a fluid other than plain water may be
desi  apbMEeugh th getan lige 54. A pump may be provided, if necéssary. The warm heat-exchange

fluid can be directed to vaporizers 10 for cooling and then returned, after it has been cooled, to
the botiom of the stratified tank.

The reserve of cooled heat-exchange fluid can be withdrawn from the bottom of the
stratified tank 12 to the inlet air coolers 14 through a supplementary supply line 64 that leads
from th:s' bottom of the tank to the i ntermediaté-stage line 28. A secondary vz;lve 66 on the
supplementary sﬁpply line controfs when and how much cooled heat-exchange fluid is withdrawn
from thé stratified tank. A secondary pump 68 is preferably provided on the supplementary

supply line to provide the desired pressure to the cooled heat-exchange fluid being withdrawn |

»varied.

This detailed description has been provided for illustrative purposes, not as a limit on the



21 August 2006 the tenperature/density relationship of p makes
it difficult to preserve a stratified condition belom/the%ﬁAF%%%éﬁgﬁures

storage valve 62 on the cold supp |line 60 can be used to control when and
how rhuch cool ed heat exchange fluid is directed to the stratified tank
12. Commonly, cool ed heat- exchange fluid is sent to storage during evening
hours when the value of or need for cooling the inlet air for the
conmbustion turbines 16 is |ow Sending cool ed heat-exchange fluid to the
strati §ch I exchange fluid that can
be dr avmﬁﬁ)ggﬁmgﬁlﬁ% gﬁlﬁe 1’6!13 ?Cgp\/\ﬁ 19{\%8@({?&?%&0?@ nih%%%% W’{‘%‘gal &f ri gerat ed.

| iquid fuel does not provide sufficient cooling to cool the inlet air to
the desired | evel. When desired, warm heat-exchange fluid can be drawn from
the top of the stratified tank 12 through the return line 54. A punp nay
be provided, if necessary. The warm heat-exchange fluid can be directed to
“vaporizers 10 for cooling and then returned, after it has been cooled. to
the bottom of the stratified tank. The reserve of cool ed heat-exchange -

. fluid can be withdrawn fromthe bottomof the stratified tank 12 to the

inlet air coolers 14 through a supplenmentary supply line 64 that |eads
~fromthe bottomof the tank to the internedi ate-stage |ine 28. A secondary
~valve 66 on the supplenentary supply line controls when and how nuch

cool ed heat-exchange fluid is withdrawmn fromthe stratified tank. A
secondary punp 68 is preferably provided on the supplenentary supply line
to provide the desired pressure to the cool ed heat-exchange fluid being
wi thdrawn from storage. The type and position of the secondary val ve and
~the secondary punp.can be vari ed.




This detail ed description has been provrded for illustrative pur es, not
as alimt on the 7p21 August 2006 scope of the |nvent@3ﬁ“ggﬁégﬁ scope
of the invention is set forth in the following clains. 21 August 2006
Clains 1. A nethod for cooling inlet air for a conbustion turbine using a
cool heat- exchange fluid conprising the steps of: charging a stratified
thermal storage tank by vaporizing refrigerated hydrocarbon fuel against
"the heat -exchange fluid; obtaining the cool heat-exchange fluid from said
stratrfree hernal storage tank. 2. A nmethod as recited in claiml, in

whi ch the re rrgerated I'i quid hydrocarbon fuel is |iquefied natural gas.

3. Anethod as recited in claim1l1, in which the refrigerated l'i quid

hydrocar bpn fuﬁl’negrﬁad f!)ﬂc%ﬂﬁ’fq,\ﬁlgt ﬁ%f}g' ?Mg&s%gﬁ hueré’ e usin gcoo ag.recited in

anyone of cl ai - exc anger'?ﬁurd IS water.
5. A mth@@ha@qwmrﬁmgﬁwﬁ%@f clar m 1 to 3 in which the liquid

heat - exchange crblofies baed oAl lor it et AL hangere%ger%tg%%bg& for CCited

in anyone of c alns exc idis a
sol uti on #ehrgaingt the haat-axehangeddide of sodi um chl ori de, cal ci um chl ori de,

- pot assi um  acedridifing f?r‘é%%@ﬁ'!ééﬂb)fcﬂél'i@éﬂur@ﬁ&rﬁ%gﬂd‘é%fﬂehrtﬁérﬁrai s?&‘ggé'{EnR' trate,

sodiumnitrite, ethylene glycol, propylene aqueous ammoni a, and
anhydr ous anmmoni a.

2. A method as recited in claim 1, in which the refrigerated liquid hydrocarbon fuel is
liquefied natural gas.

- 3. A method as recited in claim 1, in which the refrigerated liquid hydrocarbon fuel is
liquefied petroleum gas.

4, A method as recited in anyone of claims 1 to 3 in which the liquid heat-exchange

fluid is water.
‘5. A method as recited in anyone of claims 1 to 3 in which the liquid heat-exchange

fluid is a methanol/water solution.

6. A method as recited in anyone of claims 1 to 8, in which the liquid heat-exchange
fluid is a solution containing at least on e of sodium chloride, calcium chloride, potassium
acetate, potassium format, potassium nitrate, sodium nitrate, sodium nitrite, ethylene

glycol, propylene glycol, aqueous ammonia, and anhydrous ammonia.

7. A method as recited in anyone of claims 1 to 6, in which the heat-exchange fluid

is stored in a stratified condition.

8. A method as recited in anyone of claims 1 to 7, in which a secondary cooler is
provided to supplement the cooling of the heat-exchange fluid.

9. A method as recited in anyone of claims 1 to 8, in which cooled heat-exchange

fluid is periodically re~circulated against the liquid hydrocarbon fuel.



7. A method as recited in anyone of clainms 1 to 6, in whigh the

heat - exchange fluid is stored in a stratified condition. f@”%%@?%d as
recited in anyone of claims 1 to 7, in which a secondary cooler is

provi ded to suppl enment the cooling of the heat-exchange fluid. 9. A nethod
as recited in anyone of claims 1 to 8, in which cool ed heat-exchange fluid
Is periodically re-circul ated against the |iquid hydrocarbon fuel. 9 21
August 2006 10. A nethod as recited in anyone of clainms 1 to 9, in which

sonme of t heat han dth to.cool the iplet air is
peri odi caly ALTEFALE %’?%4‘8@%0&9 hpid Bt AFSsime ding Peftgt &

vapor i zelexd'ranga@md thad isuapd to aw! ihednietchiriy deraciabomtfroel toagaigest a

heat -exchange fluid and a conbust ion turbine with an inlet air cooler
characterized in that the power plant further conprises a thermal storage

facilitytor Amewenplagt compssingi ed storing of heat- exchange fluid and

periodically dr %@P |

power pl ant agvrgecrl&tgre e@ﬁ@%ﬂ% qIUHJ '&Hiogﬁﬁgﬁlfuﬁﬁ an tregégé? Bn fueI S
| i quefi eduidg@ndral gas. 13. A power pI ant as recited in cI a| m 11, in which
the liquid hygrc@ﬁ]BGQBHtJrHﬁEMtﬁan'idlél‘éﬁfcb&gr Vé} U S£014 A power plant

as . recited in anyone of clains rage facility is
a stratified ihgfewer plant further comprisesa thermal storage facility for thermaHy stratified

storing of heat-exchange fluid and periodically drawing heat exchange fluid to cool the

inlet air.

12. A power plant as recited in claim 11, in which the liquid hydrocarbon fuel is

liquefied natural gas.

13. A power plant as recited in claim 11, in which the liquid hydrocarbon fuel is

liquefied petroleum gas.

14. A power plant as recited in anyone of claims 11 to 13, in which the storage facility
is a stratified tank. '

15. A power plant as recited in.anyone of claims 11 to 14, further comprising a
‘secondary cooler arranged to supplement the cooling of the liquid heat-exchange fluid.

16. A power plant as recited in anyone of claims 11 to 15, further comprising a re-
circulation circuit comprising a pump and piping for selectively re-circulating cooled heat-
exchange fluid back to the vaporiser.

for selectively withdrawing cooled heat-exchange fluid from the storage facility to the

inlet air cooler.

18. A power plant as recited in anyone of claims 11 to 17, further comprising piping
for selectively directing heat-exchange fluid from the air cooler to the storage facility.

10

17.........A power.plant-as recited in-anyone-of claims-11-t0 16, furthercompnsmgp;pmg



15. A power plant as recited in anyone of clainms 11 to 1§ further
conprising a secondary cooler arranged to supplenent th ﬁé%@P?ﬁ@ 8f the

| i qui d heat-exchange fluid. 16. A power plant as recited in anyone of
clainms 11 to 15, further conprising a re- circulation circuit conprising a
punp and piping for selectively re-circulating cool ed heat- exchange fluid
back to the vaporiser. 17. A power plant as recited in anyone of clains 11
to 16, further conprising piping for selectively mﬁthdramﬁng cool ed

heat - exchapge ' h air. cool er.
A power plwant }ggb\}r"%cé'{rggg ?‘%ﬁ%ﬁﬂg &aﬁﬂ'%wi Par %Chﬁﬁ %%’re fggﬁ’%” si ng
pi pi ng fis tyeseparpiedligingicanaestiong qu&w@mfhmnwclﬁdmgedmidr omthe air cooler
to the storage facility. 10 21 August 2006 M A power plant as recited in
anyone of clains 11 to 18, in which the storage facility has two separate
pi pi ng connections for circulating heat exchange fl uid.

11




