Title: APPARATUS AND METHOD FOR COOLI NG COVBUSTI ON TURBI 1INLE 68 USI NG
LI QUI D HYDRO- CARBONFUEL [err] Abstract: Liquid fuel fo %ﬁ&g pl ant

i s vaporized agai nst a heat-exchange fluid, cooling the fluid. A
re-circulation circuit (32) enables cooled fluid to be re-directed back
for further cooling, when desired. The cooled fluid is used to cool the
inlet air for a conbustion turbine (16). Sone of the cooled fluid is
periodically directing to the bottomof a stratified tank (12), from
which it can be drawn during tines when the need for or value of cooling

the i nl efeagitis iafp RinGbe ror ThR.rhd YordhusdrSy WoeR®H 1A%y i drr GRANSLIPS I Nl et air,
and. nmay H®recetmgr Feel f or use in vaporizing additional fuel, or returned to
the top of the stratified tank (12). 21 August 2006 APPARATUS AND METHCD

FOR m&g@m‘}emnTURBl NE | NLET AIR USI NG LI QUI D HYDROCARBON FUEL

The present invention relates generally to power plants and more particularly to power
plants that use combustion turbines that are powered by hydrocarbon gases, such as natural
gas or propane.

The hydrocarbon gases that are used to powér such facilities often arrive in liquified
form and are vaporized prior to use. Vaporization is conventionally done by burning some of
the fuel or by warming the ﬁquid against some other heat source.

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% i improvement over hlgh-temperature

_ 'performance
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.
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Background of the invention The present invention relate gg"
power plants and nore particularly to Power plants that 93 t|on
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. Vaporization is
conventloﬁﬁﬂm@%ﬁﬁﬂ?ﬂ&rnl ng some of the fuel or by warning the Iiquid
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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 infet air may be-drawn from cooled heat-exchange fluid in storage: In-any event; the inlet s



21 August 2006 Sunmary of the invention In accordance vviéth@uL{ﬁ&da aspect
of the present invention, there is provided a nmethod for coolThg it nlet air
for a conbustion turbine using a cool heat-exchange fluid conprising the
steps of: charging a stratified thermal storage tank by vaporising
refrigerated hydrocarbon fuel against the heat-exchange fluid obtaining
the cool heat-exchange fluid fromsaid stratified thermal storage tank. In
accordance with a second aspect of the present invention, there is provided
a power plant conprising: a vaporizer arranged to vaporize |liquid

hydr ocapdeterae to thyaapesizer dor ubrsia varer sihgaigtiohd! lipel Al fdel AP&RERAE] | On t ur bi ne
with an inlet air cooler characterized in that the power plant further
conpr isews ofthe Warmed heastxohagefifidmby bd ptufned totshpdzeBivindn Bé hat-bxdkh@ge st ori ng of
heat - Wga&%ﬁ_fl uid and (@_eri odically drawi ng heat exchange fluid to cool

t he ig ewi%u ¢ NehtiGiTedsatditions the wermed beatrekchianyemiid may eaBtuRkl eathé Vel y capt ure
t he "cep Oftoragactheilitg Eomtveibh liticay jathr f and ytilizes it to cool
the i nkpdrizal r directed to a conbust?%ﬂr%wﬁﬁﬁglgﬁﬁdg‘%@?see ¥ ng the need to
either burn off some of the fuel for vaporization or wasting the "cold"
agai ngie: iptidrivdthe ource, and by reducing the need for an independent
cool ing source, the enbodi nents of the present invention can enable a power
gener at i oriThe trveritioh tah BeQnauR@sod hfdrd BMafl Fefrinf 2B dn ctively. The
refrigerated |iquid hydrocarbon fuely%'fgf isqﬂgﬁe!d top@ﬁ@%d{i eg‘power
generimtwhich: facility may be vaporized against a heat-exchange fluid in a
vapori zer. The heat-exchange fluid could be any of a variety of |iquids,

i ncl-udi ng 1 Rfa séHem@tidRaEd R : i %Fii@ﬂ rization, the
heat-exchgir%e fluid cool swpﬁvﬁ?lﬁ%ﬁﬁgt?g%gﬁrcw 85%?1‘%3’#%‘3 t he
downshveatign. Si de of the vaporizer with its upstream side may be provided for
selectively re- circul ating cool ed heat- exchange fluid back to the

vaporﬁg@@da@é@fﬁ&;ggggm%i ng. Some of the cool ed heat-exchange fluid may
be perirodicalTy directe 0 storage in a

- The power facility that has been illustrated in fig. 1 includes a set of vaporizers 10, a

‘ . lstorage facility m the form of a stratified tank 12, and a pair of inlet air coolers 14 fora pair 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 puttmg the liquid fuelin |

" 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.



storage facility. Preferably, the heat-exchange fluid is red
strat?fied condition, with the cool ed heat-exchange fIU|%{§8$%%b@W$ected
into the bottomof the storage facility. Wien the fluid is needed for
vaporizing the liquid hydrocarbon fuel, it is drawmm fromthe top of the
storage facility. Cool ed heat-exchange fluid nmay be delivered to an inlet
air cooler associated wwth the conbustion turbine. The cool ed
heat - exchange fluid may cone directly fromthe vaporizer, or from storage,
or fromboth in conbination. Periodically, the heat-exchange fluid used to
cool the Amhrety afiliquideosn beuseld @wie Hepteaxrizogd ftl. hesineaitediamgeatérlcat d i n
storage. In any event, the inlet air cooler cools the inlet air to the
conmbudt el Sanidvikias theiheqiteohbnpg fuldeaehd 4 soivatrcoon@ining e thant] Bideater,The

heat - exchange fluid warns as it cools the inlet air. The warned

heat - @xdhhateonthining 309 (b3 Wbl wiethard) @R 70B(By WeiglitehaterN @fhet 0 t he vapori zer for
use in vaporizing additional liquified fuel. Periodically, sonme of the

war m@oﬁ%ﬂftmﬁ%@ﬁ&%@hﬁ&dﬂoﬁk&ﬂﬁé oREor hRASFRGHN ShisHde ABEm HYegae, t he

heat - exchange fluid is stored in a stratified condition, the warmed
heat - gx@RRARORetht, '-Hogss'ﬂﬁi/fogﬁaté BothRIRChith®, tARim rhl?a‘?e QJdnfnhﬁtrﬁé 2 glﬁ facility,

‘fromwhich it can | ater drawn of f as needed for use in t vapori zer
Bri ef oDesGiiiichORyQ, a %J&&s%ﬁ%hﬁ,%rlﬂ%d:‘oﬁ‘svﬂhﬁdnﬁn VAR ity Y L d more
clear(’y by réferfing to the acconpanying drawi ng, in i ch: F|g Il is a

schemglektapy tgn%e%m@emgae% L@g glétgtén%?%gp% hﬂeggskeuﬁﬁso J@psﬁg@o?xg'vgﬁgge of the

present invention. tal rawm ng ower facility

t hat pﬁ’-:?argﬂ%etg' ut'ﬂlzk: Uﬁfefeﬁtthggc-ek&agéeghldk ld (ﬁﬁét‘é{lq Eﬁ'ts ofthe Siystef?lf vaporizers 10, a

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



storage facility in the formof a stratified tank 12, ancéi21 palé éH i nl et
air coolers 14 for a pair of conbustion turbines 16. Th O E9En

turbi nes operate on a hydrocarbon fuel, such as natural gas or propane.
The fuel is provided in refrigerated, liquid form such as liquified
natural gas. LNG or liquified petroleumgas (LPG Before it can be used
to fuel the conbustion turbines 16, the liquified hydrocarbon fuel nust be
vaporized fromits liquid state into a gaseous state The illustrated

vapori zer e arefrige d fuel. Vaporization is
achi eV&t n@ COO[% Fr‘fﬁgtﬂﬁg’ ﬁ‘fﬁlimbg ?]ﬁ It0 eﬂ‘perftﬂrg? {?Hg g"é‘é?mwffdtj?yé war mer
heat - exc id, Mﬁtho e heat - xcha I sone
appl i é&igré’ﬁg?'gﬂtgﬁ theyapaRizery, C}qelu r”‘g{’@g rtheeoo}, f)?ﬁ"f %f:fl'l ‘g'é a vertical
shell;a&gyﬁube heat, exchanger deS|%ned to handle a flom1rate of 1200 &Aw
of hedtthaefisaulpton sisrigsuchops s ongiliygeedng  sizes of heat exchangers can al so
be used. and the nunber “of vaporlzers can vary. 3 21 August 2006 A variety
of 1i qui dsTeedHushatedeication pEsuit dsludes,avapprige prmp Ajand rercisglptonsines at i ons,
wat er can be used. Sonetines, the heat-exchange fluid can be a sol uti on
cont aiRitHECabe KA i selaphiyelrat @icalate gprles hea- eé‘iﬁ'éﬂﬁ‘?g}ﬁtddﬁaﬁq Aoy wei ght)
nmet hanol and 70% ( by melqpt) water. Qther possibilities include a solution
contaﬁﬁ?ﬁ@méﬁ@m@ﬁmﬁﬁﬁﬁ exgeelingm chl ori de, cal cium chl oride, potassium
acetate, potassiumformate, potassiumnitrate, sodiumnitrate, sodium
nitrite, e@HW*@W@awﬁﬁvﬁémwmpfprﬂQMnghy@@hmﬂ@nmepu§2aﬂhdnaa or anhydr ous
ammonia. While it may sonetines be preferable to use a single
heat - esteraternips 61 eathdvapdrizeni§h Besh pipads mywided with i re-citchlationsalveidd thans it may be
preferable to utilize different heat-exchange fluids in different parts of
t he syentwiathd ffowt dfdedtiekahartge Atid ¢ ibspelitimeyaporider. tReecirculating sonoeof theef r i ger at ed
liquid fuel- enters the vaporizers 10 through liquid supply lines 20 at a
- t enperedleutteatekcapgerilnd tasit ot yseedhl @ass @réugR 68 'vage)izers dAlidehriha tetriperatugepor i zers, the
refrigerated liquid fuel is placed in thermal contact with the relatlvely
war m létt emiedhengechiigs ifididtinthe lowsstaps pypblyditlest? td deereasapor i zer s t hr ough
warmfluid supply lines 22.

The inlet air coolers 14 are adapted to utilize the cooled heat- exchange fluid to cool inlet

air for the combustion turbines 16. The air coolers may be, for example 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 ambiént air is placed in thermal contact with the

__ relatively cool heat-exchange fluid from the inlermediate-stage fluid supply line 28. Anair

cooler valve 50 on the infermediate-stage lines 28 cohtro!s the flow of heat-exchange fluid. The

type and position of the air cooler valve may vary.
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In this situation, the tenperature of the heat-exchange fluid in e
warmfluid supply lines is about 20° C (70* F). The ther%ﬁ%u%ﬁﬂggéﬁ

bet ween t he warm heat -exchange fluid and the liquid fuel vaporizes the
refrigerated liquid fuel into gaseous fuel while the heat-exchange fluid
cools. The gaseous fuel exits the vaporizer through gas |lines 24, through
which it is directed to the conbustion turbines 16. The cool ed
heat - exchange fluid exits the vaporizers through | ow stage supply lines

26. Here, .1 t f.th fuel | t. 10' .C (50" F), d
20, PoLe BRSNS ok TSR R B 070 e
| nt i - St fluid lines .28 b t i t cool ed

L B g L 5 2 SRS B M SRR e et i

coolers.14. ILn some instances, the tenperature of the cool ed heat-exchange
f1uid ‘ﬂ’&ﬁ“’%"?ﬁtgﬁ?@?“"t"%&ﬁg - rhag coolad st ajry proferablys at adetane2 Bt F XX & provi de a 4
21 Auaust 2006 , .secondary cool er to cool the beat-exchange fluid to

t enperdt dp des.dtBen Bradeediin e eompngion Gubngsy 6 shraygh hriingialsls SEnHsagh t he

. vaporizers 10. One useful wc@uhto further cool the heat-exchange fluid is

- W t h "Bietai 2 terpparadyre ghereund 8L (458 Bl istaad af péenpetirq af 881G €621, catthe i | | ustrat ed
re-circulation circuit includes a vaporizer punp 30 and re-circulation

pi pes ncepserthepowsptybof sseapbustiondwbime by 36 gt pereci r cul at e cool ed heat -.exchange
fluid back to the upstream side of the vaporizers 10 for further cooling.

“In the il1Thstheaneddhedpiehangsdiid ewts theinle aincopleisdh thrqugleretugn Yries 84 llmt i on pi pes 32

include a separate pipe for each vaporizer 10. Each-pipe is provided with
a - r e- dhenlugiraied eybodizientef the inveriion, tedempesdtuse ofibe Virowd lpht-dxetmngeeftdhange fluid to
its respective vaporizer. Re-circulating some of the cool ed heat-exchange
f 1 ui dibthetetfroineamepkrorang < FHiHUne brrech{fsréture ligesdadstesk toltee t enper at ur e
of the cool ed heat-exchange fluid in the | owstage supply lines 26 to

decr e awun-fltith eupplylli@es 22 Anctbolbensh 1dafs trthe taplafthedratiftedutnk [12.24 tanke cool ed
heat - exchange fluid to cool inlet air for the conbustion turbines 16. The

ai r codieitoniaybiagh of the reteatings eonfrivls hewl muctbe thea@dried 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

6



exchangers. The cool ed heat-exchange fluid may be suppli from
internedi ate-stage line 28. An auxiliary air cooler (no?qfvpﬂgﬁﬁﬁged) may
be provided to supplenment the cooling of the inlet air for the conbustion
turbine. In the illustrated enbodi nent of the invention, anmbient air enters
the inlet air coolers 16 through ducts 46. In sone situations, the
tenperature of the anbient air may be as high as 350 C (95" F) or nore.
Wthin the air coolers, the anbient air is placed in thermal contact with

the r@baidbYeht/ @) raoisnB s ENAR Uil ljn%glé E{fﬁﬁgtté]]ﬁ‘%slerqg gLpdipte-stage fluid

supply line 28. An air cooler valve ernedi ate-stage lines 28

contrqkﬁdggg%dd¢mﬁﬁgknmg@%k§xchange fluid. The type and position of the air
cool er valve may xiIary. 1 August 2006 In the inlet air coolers 14, the

thermal cont bent air fromthe ducts 46 and th |
noat - exchangl P Onr Fr R R BRReh Files St g B oot diR s o i nl ot ai 1
whi | e ywar ming_the heat - exch f] ui.d led inlet air, preferably at
a1 oy e gt i BENEIR bealiguark 3. ERgmSHsoEkieSe o'« e conbust i on

inlet air at a tenperature of

t ur bi 16 & hr. turbine inlets 52. Usi
ar oundates (ALTANe igt e B belluentn et sl rcaming o

i ncrease, t ower- out pyt of_a, conpustion turbine by 30% or nore. The
war nedﬁlﬁteaér{}gretgecﬁ?g‘ﬁi’&s 1oF R‘Hﬁ'"lfs L@(‘isf"é”'t ding gogled Bap-exchampeflud toghg hr ough return

| i nes g4. I hh@fillustra edegnbodinent of the invention, the tenperature
of thé %Mgﬂak U AERETGEcel et hept-exdhangs uid diah ar bE firaws upeayiEngr ound20' C
(70" E). CBetg%anch of the return Ji ties |eads back to the warmfluid
suppl YOV HEL Bovapouzanqnt th refigepptaddiquid fyehdqer gotpeyyide suffigient eqoling iof i ed tank 12.
A tank valve 56 on that branch of the return lines controls how nuch of
‘t he méWﬂgﬁ“H@éF“é&EWﬁHﬁﬁgﬁ*uid is directed to the stratified tank. The
type and |l ocation of the tank valve may vary. Cool ed heat-exchange fluid
that is notYhsnfArsiEflayaEmensehege floid cendsidawn fannthetop af the gatifitiganksent to t he

-stratified tank 12 through a cold supply line 60. The cold supply line
comun? &ugugh the retum line 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



with the bottomof the stratified tank, in which the heat; ﬁﬁchaqgﬁo luid is
stored in a stratified condition. In sonme situations, % H'%
illustrated, it nmay be desirable for the tank to have a capacity of
approxi mately 50, 000-100,000 in. In this situation, the tank shoul d be
externally insulated and should include top and bottom di stribution .
systens specifically designed to encourage thermal stratification of the
stored heat-exchange fluid. Cold, high- density fluid is stored in the
bot t omegfe 1 i S stored in the top of
the tangé otfglgtlﬁvt@fﬁr% ?}ﬁ@fg?re&?é#ﬁhed%tgoﬁlgﬂe %%lélnthjet SBEPSHPEs bel ow around
4' C (39" F) are desired, use of a f|UId ot her than plain water may be
desirabl e because 6 21 August 2006 the tenperature/density relationship
of plain water makes it difficult to preserve a stratified condition bel ow
t hese tenperatures. A storage valve 62 on the cold supp Iine 60 can be used
"to control when and how rhuch cool ed heat exchange fluid is directed to
the stratified tank 12. Conmmonly, 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 conbustion turbines 16 is | ow. Sending cool ed
~ heat -exchange fluid to the stratified tank builds up a reserve of cool ed
~ heat-exchange fluid that can be drawn upon during hours when the
vaporization of the refrigerated. liquid fuel does not provide sufficient
cooling to cool the inlet air to the desired |level. Wen desired, warm
heat - exchange fluid can be drawmn fromthe top of the stratified tank 12
through the return line 54. A punp may 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 bottomof the stratified tank.
The reserve of cool ed heat - exchange fluid can be withdrawn fromthe bottom
of the




stratified tank 12 to the inlet air coolers 14 through a | enent.ary
supply line 64 that |eads fromthe bottom of the tank t(ﬁ%”ﬂm%

i nternedi ate-stage line 28. A secondary valve 66 on the supplenentary
supply line controls when and how nuch cool ed heat-exchange fluid is
withdrawn fromthe stratified tank. A secondary punp 68 is preferably
provi ded on the supplenmentary supply line to provide the desired pressure
‘to the cool ed heat-exchange fluid being withdrawn fromstorage. The type
and p05|t % of t he secondary val ve and the secondary punp can be vari ed.
This detarl68 descri ption has been provided for illustrative purposes, not
as alimt on the 7 21 August 2006 scope of the invention. The full scope
of the inyenti [ Au ust 2006
Clainms 1. YA rre'?ﬁegi% gﬁicgé 'me{é}r%rlgcé'ﬁ!r)u %ﬂgm%%ﬁé? C?)g] Fut?bl ne using a
cool heatexcéamﬁh@bcmmwismgmemmfng the steps of: charging a stratified

thermal stora g}ﬁ% f qagai nst
t he heat - exchg‘%sl;e twé{ﬁ?‘%bﬁl %g”% téh \@%’%H%ﬁ% @%ﬁ%‘g@w%ﬁ%ﬁ% romsaid

S stratifi e%!e'tqﬂélfﬁhﬂ"e§?@r%‘g@ﬂf19§rﬂwd 2. A rret hod as recited in claim1, in
~which the ref rdt%ﬁnﬁg%%dob%aﬂe{&ﬁgﬁm cPi%PnEHﬁ'strbﬁr 'thé&h&% étg‘rgg%‘?atnldr al gas.

3. Anethod as recited in claim1l,” in which ererlgerat Irquid
hydr ocarbon fuel is |iquefied petroleum gas 4. A nmethod as recited in

anyone of2.cl ai Amethoti @s PeditBd Wi&m 1, hﬁvvﬂlbfﬂ!hle%fh?@rhtéﬁ%ﬁﬂé'ﬂgﬁocérbéﬂ fdelis Water.
5. A net cited in anyone of clains which the liquid

heat - exc gHatadna ural 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.



fluid is a nmethanol/water solution. 6. A nethod as FECIt%g n of
clains 1 to 8, in which the |iquid heat-exchange fluid i Fé&ﬂ%n
containing at |east on e of sodiumchloride, calciumchloride, potassium
acetate, potassiumformat, potassiumnitrate, sodiumnitrate, sodium
nitrite, ethylene glycol, propylene glycol, aqueous amoni a, and anhydrous
ammonia. 7. A nethod as recited in anyone of clains 1 to 6, in which the
heat - exchange fluid is stored in a stratified condition. 8 A nethod as

recited | an l1to condar oler is

b ovi ded Bo” SHBRaRLAR PP e 3Bl R b ot WAL R % BFHC o A met ho
as reci t edchiangaflyidtieat &f usel & om! thetirdetyir is perddioally mhadohe)aﬁgeexchange fluid
is periodically re-circul ated against the |iquid hydrocarbon fuel. 9 21
August 2006 10. A nethod as recited in anyone of clains 1 to 9, in which
sone of tihe héagwowexrphatmpepfibingd that is used to cool the inlet air is

periodically EQIEH&d*}EPa&é?l %ﬁf\% tize ]&qérdh 8%%'6 me??%alﬁs?%'ébtséy{&gang%

vapori zer arranged to Vapor i zé |qU| rocarb agai ns
heat - exclidilged f1uid and a conbustion turbine with an inlet air cooler

characteri ZEda'cmenﬁfonttm@mQQﬁiﬁ'én g'llél%fr chbieF H%fa%&iie& \nstﬁﬁtaa thermal storage

facility for thermally stratif storin eat - exchange fluid and
periodical |y H}emgp'ﬁ@tévﬂf@wwaw@@wﬂmw aowelfacahheforihﬁmilyatrmlﬂeﬂ A

pover pl aftingsf ﬁe%@-bi@ﬂn%é‘ﬂvﬁcﬁ thd“ﬁbérll)dlchll} MAViRG héﬁ%xbhéiﬁbﬂwm&j&é&ﬁ{ebon fuel is

l'i quefied natural gas power plant as recited in clarm11l, in which
the |iqui¥ft®{fdr ocarbon fuel is

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 plént 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



i quefied petroleumgas. 14. A power plant as recited in_anyone of clains
11 to 13, in which the storage facility is a stratifieddAMEUstd906a poner
plant as recited in anyone of claims 11 to 14, further conprising a
secondary cool er arranged to suppl enent the cooling of the liquid
heat - exchange fluid. 16. A power plant as recited in anyone of clains 11
to 15, further conprising a re- circulation circuit conprising a punp and
pi ping for selectively re-circulating cooled heat- exchange fluid back to

t he vaporjger. t b 1 j one .ok cl ai 11 to 16,
further cg'rpr i};%%Véeglf)}?%g%c?%c?msaﬁe%‘{?f\c}:lclaa\t"ﬁg\}\; ﬁﬁﬁwn?{%h t(':"gc?lo %Prgrsfs%{ < exchange
fluid frobasttwe sspyplegipingednneetions forcireulatinglhett exichangediigr . 18. A power pl ant
as recited in anyone of clainms 11 to 17, further conprising piping for
selectively directing heat-exchange fluid fromthe air cooler to the
storage facility. 10 21 August 2006 M A power plant as recited in anyone
of clainms 11 to 18, in which the storage facility has two separate piping
connections for circul ating heat exchange fl uid.
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