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TECHNI CAL FI ELD [ 0001] The present invention rel ates

to systens and processes for vaporizing |liquefied

natural 1\/Eas l\/brg ﬁ?%@fﬁléﬁi&%@w&ﬁ@ﬁw

natural gas is vaporiXad daASexchange action
inmparted onto a circulating fluid by heated water.

l\/bre particularly, tTECHNESADMFIEDDention relates to a
rocess and system for the vapori zi ng, of Ilquefled
lﬂoﬂllnﬁwrawng@yew@aieﬁ@ praisme androssssesdopyapprirwg ligpetied natural gas.

N

gas is i&dboﬁk&ﬁﬁy LBk hahdeQittivh Gfigarict odtd d ¢Rfublilyg \Wluld bybleatsdledater. More
ten shi pnent of such natural gas involves marine

particlaryn Seopresent pvventiinoklatske g precegeaid sysiem o5 thpyaporizing of liquefied

f t I
s P 205 A 5B G o
at essentially at nospixrGRDIBSSWRET Under these
conditions, the liquefied natural gas is at a

[OOOZItNEtmal geswfien i avapahloiti meemotcmhenehwgmaweamlbbe used. Often,
ydr.ocar bons (such s for exa . eth

shipme o, Foch AT 6GS PRLIES SR wngorfaﬁla FiskE firfesipgble to bulk

transfe& e nbﬂu&’aqf%ag %gnﬁ'idégﬁﬁ% rgge?] ls¥- as"ﬂ@rﬁt‘s&ﬁf fe%uceaﬁs volume for

evarie ui ds, systens, and
transPMMS.B&Senthﬂy mﬂmeﬁmnc@mms eUnde:r lthdsheomhgms; the Bquefiodnatural gas

is ata%&n}?agﬁééz EaHEasly 1Y Gation e poastos BRROE b ORI Siep e Sxample,
ethane ngpa% d;ﬁ%%g[%dmgf"ﬁl ik %\8?[91? Eelﬁratfpb }ilin: gLﬁsl%ﬁ’t; cgsf‘#%lgtlighé(ﬁed natural gas

or s reeze

shghtl{r/' Fhrdiofordl @ kvl oChag hfdefuids, s paidpotesses, have been
ari ous |nprovenents in this process have heretofore

proposisd for theithgasifivasionwo yeparizetien Oﬂncwﬁml n@’fﬂlﬁé 8%-are mainly

0005338 cBBRRES R RSB S T tREy B orcion.

Unfor@UARY! &icAhdt Waer &%&a%iﬁarn fR2z& 0 %@Eo S986i6EtoftR hazard of clogging up
countfercurrent heat exchange wth |Tquefied natural

the evmmtofmmuahmprevmemm;thm y1oeesa have hepedofofe hﬂeng@dngﬂmﬁefapolators
to freezin

presently pspd e m (gpeag per aL e angl q%gg&ity%t 3}'1(? %ﬁr%prged combustion

typ i nvolve icing up on the surface of the | ower portion
" of the heat transfer tube. This consequently produces
[0004] Open rack-type evaporators use sea water as a heat source for countercurrent heat exchange

with liquefied natural gas. Evaporators of this type are free of clogging due to freezing, easy to
operate and to maintain and ate accordingly widely used. However, they inevitably involve icing
up on the surface of the lower portion of the heat transfer tube. This consequently produces
increased resistance to heat transfer so that the evaporator must be designed to have an increased
transfer area, which entails a higher equipment cost. To ensure improved heat efficiency,
evaporators of this type include an aluminum alloy heat transfer tube of a special configuration.
These types of evaporators are economically disadvantageous.

[0005] Instead of vaporizing liquefied natural gas by direct heating with water or steam, evaporators
of the intermediate fluid type use propane, fluorinated hydrocarbons or like refrigerant having alow

freezing point, The refrigerant is heated with hot water or steam first to utilize the evaporation and




I ncreased resistance to heat transfer so that the -
woevaasabor nust be designed to have an i ncr eRSETS2003/023580
transfer area, which entails_a higher equipnent cost.
To ensure inproved heat ef f iZi ency, evaporators of
this type include an alum num all oy heat transfer tube
condensatian Qifae fefigEuR for fifvappization hliguelieq patyrapgas. Evaporators of this type

. I kGal | | sady eous. [.0005
we s AR08 3 B SR IRAETT A b ARV PL BTN b, such s
burner) €6 the greplfakionVat Bét WiteSbLAAm BH@ BRY thERTIdte citlyltB@perate due to fuel
Internmediate fluid type use propane, fluorinated

consuthpiderocar bons or |ike refrigerant having a | ow
freezin .nt.. The refrigerant is heated.wi.th hot , .
10006) ExEprefts Bt s ed Gosniiing Bive cRmPEon GRRTBIFSEH dn wefer which
is heaté®Qth Q448 Hstd Hab PQR He3RBProma KRy .eﬂﬁ@.tthééiﬂte?ﬁle&i fluid type,
refrigerant for the vaporization of [iquefied natura
the evapasatorfvéthe salmergeddéontthiston typeinvalve alfed sostxpdasicxpensive to operate.

uild than those of the open rack-type but require oo
[Oﬂﬂﬂﬁeékq Pagt iYareRs paisnisrhays 1sgucdyigr mricessehindiappargiug ety the venprization of

. t .
vy oy S A 19051808, 5051 B, 700 ok
etal., defcribReasapparingdor wpoiAeE ligukfiel BRuE PR UsHR edtubtiitwater, This system

. imersed in water which is heated with a conbustion
is arrapged jong eeriesdnfilivet exohengers ohthe indireirheatingentemediate fluid type. A
Lhnternediate fluid. type,. the evapor.ators of. the -
muttin i AR ot Rt pis PG GRYEBT iR, GiBliod Jith a poltitubule
counteftPRAChAL et PafRE! AkQ result M atkPish3Ed RAShe vafRFizAlbh process. U.S.
pat ents have issued for processes and apparatus for
Patent Noe4,23H802,2ssuedon Béptethbay36f 1986 to Hieusanle impaestorFdescribes a variation on

. exanple, U.S. Patent No. 4,170,115, issued on Cctober
this typg an ySgS esiasine gyateg in a mylaiubylgrheap gx atus for

[0008]@@%&&51#@. 14,i3§i' %9 q&u@t%ﬂjf\/ﬂ 29 af98§% #3n gﬂff{eig&ges tl%e utilization of
wat er . I'S System 1s arrangéd i n a series’or hea
solar efrgh dNJENEG vaboditi@ion NThe eslar feaky Bised Mireichltt Abkohd Hintl, such as

gmype. A multitubular concurrent heat exchanger is
water. gltipsagend fliidds pessedintabeat pxthange telagionship withishe Heuefied natural gas.

countercurrent -heat hanger. As_a resul.t t ter .
The wigH G of SR SER G RO pp alelel b Bt piigihuring e
vaporiZhtiéRHrieds. | ssued on Septenber 30,1980 to the same

i nventor, describes a variation on this type and al so
[0009]us8sPateniLide.i 4 89046@ rissund anmuignst 28 1083 ih¥egles Xt rehnhedescribes an

emploggglfeﬁﬁéeﬁg{)ﬁ'é% hgﬁ thé Qfﬁglieéfﬁi}.oﬁt 13 918h3Q lsﬁv%a?@rgﬂ)gﬁr;ﬁgal lﬁ%gs are piped

In secon urd, such as
togethes.e BagH phésiintludss »aagaciube athhe pluralite baAge stlsstAltialy squsdly spaced

aroundvgl.let:tr:lbte.he i quefied natural gas.

[0010] U.S. Patent No. 5,251,452, issued on October 12, 1993 to L.Z. Widder, also discloses an

ambient air vaporizer and heater for cryogenic liquids. This apparatus utilizes a plurality of

vertically mounted and parallelly connected heat exchange tubes. Each tube has a plurality of

external fins and a plurality of internal peripheral passageways symmetrically arranged in fluid

communication with a central opening. A solid bar extends within the central opening for a
- predetermined length of each tube to increase the rate of heat transfer between the cryogenic fluid

in its vapor phase and the ambient air. The fluid is raised from its boiling point at the bottom of the




The water contains a anti-freeze additive so as to

prevent freezing of the water during the vaporization

process. [0009] U. S. Patent No. 4, 399,660, issued on

August 23, 1983 to Vogler, Jr. et al., describes an

at nospheric vaporizer suitahle for vaporizing

cryogenic |iquids on a continuous basis. This device

enpl oys heat absorbed fromthe anbient air. At |east
tubdsr tee as tenperahIg af |the \ien tsiitablle fors srasufagtaring ey other operations.
[05?19 &t @ atenI0E B, 085, R Rt PeCENT @8 th BRBsthdeR c@ul., teaches a

plurality of fins substantially equally spaced aro
hepipxchagsedeviag@aving fist heppgrahanesidor 65’3125@0492 LNGaad éaeceﬂd heat

enga[nggl'efor Tpert@fR dfQabeofs nMﬂ 59 Tﬁla 98t Hx Sah@$ € SreHiranged for

brrent air vap orlzer and hea for cryo eni ¢

hqaiuag}h@ﬁg fluigppg mam@ af abwn&nmpqhwzl@éd bavmglfflépﬁ yhish is connected to

a HBde dedick Yor TRHRY €6 naRd tR@d'saelu{Iﬁhé b’on‘é%ﬁﬁﬁé &Qleﬂ@@ﬂulds The heat
exchange tubes. Each tube has a plurality of externa

exehangera fmprisg launoatiop yrowing nrdrdnbep e 4 with separate passages

foPfhe %ﬁﬂ@\’\ﬁﬁé%ﬂﬁ}{mgé &Abttte S LANGEA With ke h@usmgb and has a single

communi cation Wwth a central openi ng. A sol
mixjrEchebeiivat gpe single duid euslet. érpgq@prﬁ@ mRgsages, there are pr0v1ded valves

fop{h@ %W@L@@mltmtlﬁn@e(nd%% mlikiRg chlathbbnICr ease the rate

heat” transfer between the cryogenic fluid inits
lo%?dé? isptraglicch fd theneresgrbinaprtionitp Propids ¢ process jaad @gﬁtegréa!hereby

llc{uﬁﬁ’é@ dabial B dah Bgvzﬁbghﬂrh afhinii@ ch@t tom of the -3 tubes
enperature at the top suitable for manufacturing

1084 Ibtlth emothﬂﬁ abiget @ﬁ]gle Presguy] inyenyoss to paqvidet a REpcess and apparatus
wl%r%%‘%%t afr %%P 86 QR PRGHe HR hedORB tHeO 1M WagdrizabhgRocess.

., teaches a heat exchange_ device having a first
lﬂﬂbﬁtlt etil anefber dbiset @fthp Biceant BrYeRion iNEroxilg 28YEER GRg process Lo
piOGAL 2 BXCRARGRE [rldessS HPQROQALIREkidR! ofg&?ﬁﬁélﬁ nit@llea which is

gas. The heat exchang rs are arranged heat i ng
refafiedeintinendee, by Helanimsnt 22d et WY medi um and havi ng
[0815] TUEdeShd Mklccﬁ)_] defd aﬁ@mﬁ&gﬂg of fhe pRestht XedvBgtictl QMil G8ofrfapparent

m xing the heated fluids wth the correspondi ng

from b ecatling of the pigeshed preciffratien andappradesidlameonpri se a
common housing in which they are provided with
separate passages for the fluids. The m Xing device,

constitutes a uni DIBCHATURE G INYENTdONousi ng and has a
[0 B9A & ord B doNOSHAPRE bf WelResOREnwtniGH, Shekd H'ﬂo@d&i'aeﬁrocess for

I'n separate passages, there are provided val ves
vapmmmwlegredotfamu@s wrrnnﬁemmagﬁnrggwwanqo i VR LGSk F‘h@s to elevate
g%fe ot Zkr. Ldid §t§p Fpa B dtertombA&nP rd%ﬁ'ﬁ)ﬂﬁn the water over

ention to DFOVI de a process and Sy stem where

anl intgaertsiefer el thavater tpavsr; @agh d@@lf@@p@t@kwhwgbﬁhﬁ Wr tower across

1h€ @Stkibuted water so as to transfer heat from ambient air to the water; pumping the elevated

temperature water through a first heat exchanger; passing a circulating fluid through the first
heated exchanger so as to transfer heat from the elevated temperature water into said
circulating fluid; passing the liquefied natural gas into a second heat exchanger; pumping the
heated circulating fluid from the first heat exchanger into the second heat exchanger so as (o
transfer heat from the circulating fiuid into the liquefied natural gas; and discharging

vaporized natural gas from the second heat exchanger.



[0013] It is another object of the present invention

to provide a process and apparatus whereby anbient

air can be utilized to provide the heat for the LNG

vapori zation process. [0014] It is still another

obj ect of the present invemion to provide a system

and process to provide a heat exchange process for

the vaporization of liquefied natural gas which is
[Oﬁﬁdaﬁhbé(ﬁdlﬂ to RQXREN HIpYA of BRDYesé ivEBRIBBAL isHREViRANpréRss for

use. [ 001 These and ot her objects. and advant ages of
vaporizing liswelind tetyab 55| CORPURING: PRSEG T1oA fiiuR WAter tOPETR a3 to elevate
a {apdiang: of tehexd %@@%ﬁ ﬂfepa@s}afeuctah%&ﬁu@ rwht@pca@aged ﬁrst heat

cl ai ms. DI SCLOSUR NVENTI ON [ 0016 Accordlng
exphangqn pasyhesct citshlatingellyid deaugh ﬂrerfvarhpateqaexcmg?réo pg o transier heat

fr(ﬁl'i 1l AR e tRIpRGRSS whief intoVRRIO icElatheh ﬂlﬁlﬂtl«tﬁgdn%qh@ ﬂ&dbﬁ@cﬂ natural
as COITprI Sl ng: passing water 1nto a ter tower

gaﬁ e Pegernd heat xeipest R Emng e thﬁ%éedméfcélatm% i feamp Hleofff*;’E Cheat

exBlRSSdr hido WRAEIong REEPEACRAIREE sots 4 frankfst hdABfrbih %é’ﬁ%ﬁﬁtu%\ffﬁﬁd into
an interior surface of the water tower; and draw

the, Hagteliert nagyepl gaprdishpieing sanmEzed nafwsileses ﬁefpd%essecqq#éwat "SXchanger.

hetingtanbiabit @ﬂnm@bﬁem%ﬁuﬁigs flti@ bﬁrm&eg sofiRalthkr QB Bk LRttower,
air to the water; pping. the elevated  tenperature

safglheating HUgGIFing ¢ ersire dilere g apgee the heatgdngother quantity of
cirehlhted! fBlid B falidlicBorddMeAGhdnba:, fdid §ikp o @ahBdin@XaRRREE hatural

so as.to transfer heat fromthe el evat ed tenﬁerature
ga%aPERTISIgE BASHRS @ Portipp Of therdisshrresd madpralyne & syt heqting source; and

ﬁdn@cﬁdﬁlf b&o 3t Weadisli@dEed RhiGraf gBL PR thBadt LMCHRMNGE Guantity of
punpi ng.the heated circulating fluid fromthe first
cirgdaffn anger into the second heat exchanger so as to

[0616B At @kdiheRta tilﬁ@aapw%fm Jﬁéﬁeﬁtzhxféﬁtxcﬁd wieek ik PERidel@ process for
i quefied natural di scharging vaporized

VabRANEA e DRI RO G BaTOR Sk ENBHYAIF! (050 a5 o clevate

a thiAfkaade oﬁ%%a%r NEidlspdf %&@ﬁi dvaﬂa? B&firisel: JiRALIRMG S/ Water over
| nventlon there is rOVI process for vapori zi ng

an e FrEAe plethe alpr t@‘a%r, @&Pm@g ﬁfﬁble%égéli“ﬁ% ‘é%ter RV E aaross

the\@k@ibutk @ Wafer 3O ad® trohs Rl BYATRm AnbieReT @tE QaRf, thd@mbient air
wat er ; punpln the el evated tenperature water throu h

haying f DU AR TSRS fyescess 9hdd destped s prmeine Heiclryated {fimgerature

 wakd? rt@r%g% h rfﬁstfﬂeﬁts‘gxc%@&e ‘ﬂ)aﬁﬁ'@r@eﬂ&ﬂatlﬁg fR&l theouh éllibsﬁﬁf heated
heat romthe el evated erature water into said

ex RSB IS (bt RS i PSRBT Do P ylting

flutd? thssﬁlgStﬁ@ ﬁ&lﬂ:ﬁg@ ﬁﬁtuﬁf( gﬂaﬁg}eﬁ: seo@hmﬂéa@ GxdfechGRPehe the heated
circul ati ng fromthe first heat eXChanger I nto

cirgylting dluit o @stﬁr% eah s¥rhanecs Broyde segond hgakxehange 0 af jogrnsier
hedt Mok 1the bik@aing flulduinth WRt Bquefied natural gas; and discharging vaporized

natural gas from the second heat exchanger.
[0016¢] According to a fourth aspect of the present invention, there is provided a process for

vaporizing liquefied natural gas comprising: passing water into a water tower so as to elevate




the liquefied natural gas; discharging vaporized

natural gas fromthe second heat exchanger. heating

anot her quantity of circulating fluid by a heating

source other than the water tower, said heating

source being a gas-fired bei-er; and passing the

r [
= DERLSH AN Rl VAR et ol ol bl b R
watgpbravgled firstt beat bxchgrmsr; qosspmgi slcmgxlatlpaébliidw grevghohe figh heated
e SQUT

exhogb o 36 WALAR e the BB AGAR ISR b Eon Y Gt lning
flyd said ctrgﬂﬂ@atﬂusbbedlgaaimOh epssipgahe liquetial naturdlrege inga  prgond heat
exfcﬂlalﬁg‘g QHJ hé&ﬁ%frﬂ.llﬁ&gtfﬁldaﬁ&g b CtL &%Qaq %Itchgtfl ef Fx‘tao the second

preseht 1 nvention erecis provided a process
heaiaqxohanze;rrsg a$ tocfcaaﬁﬁelel@bah&oru izl cngalgtlrcg)ﬂmd mscr thg liqurdicd inetyral gas;

an%{s‘%ar %&8&%@@bﬁ&a@¥\%m¥%§% n@?l ggleo%%p‘%s& ng wat er

N@Bﬁﬂhﬂ@lng. distributing the water over an interior
surface of the water tower; and drawi ng anbient air
through the water tower across the distributed water
so as to transfer heat fromanbient air to the water
the anbient air having a dry bulb air tenperature in
excess of 73.degree.F.; punping the el evated
tenperature water through a first heat exchanger;
passing a circulating fluid through the first heated
exchanger so as to transfer heat fromthe el evated
tenperature water into said circulating fluid,
passing the liquefied natural gas into a second heat
exchanger; punping the heated circulating fluid from
the first heat exchanger into the second heat
exchanger so as to transfer heat fromthe circul ating
fluid into the liquefied natural gas; and di scharging
vapori zed natural gas fromthe second heat exchanger.
[0016¢c] According to a fourth aspect of the present
invention, there is provided a process for vapori zing
| i quefied natural gas conprising: passing water into a
water tower so as to elevate -3b- a tenperature of the
water, said water being fresh water; punping the
el evated tenperature water through a first heat
exchanger; passing a circulating fluid through the
first heated exchanger so as to transfer heat from
the el evated tenperature water into said circul ating
fluid, said circulating fluid being glycol; passing
the liquefied natural gas into a second heat
exchanger; punping the heated circulating fluid from
the first heat exchanger into the second




heat exchanger so as to transfer heat fromthe

circulating fluid into the liquefied natural gas; and

di schargi ng vaporized natural gas fromthe second heat

exchanger. [0017] In the -4- preferred enbodi nent of

the present invention, the gnbient air will have dry

bulb air tenperature in excess of 73F. The noisture
préferoadh erhleodinant jof tleo prdesns duivenianhitie fihbiematie will dwes dryaheb air

terhﬁl!r&m% 9{1‘_%2&1? G Bp! ﬂe%ﬁst&% )f]{gl)ﬁletﬂe S RlcBRfndel W?Phlinﬂﬁ? %b%wer

coo ed alr aust ed romato
and\m%qondmmlrmcaﬁure is thﬁedralnm feom thgiwater tovedr. diha chﬁ;dwys P}ﬁ?@usted

fm%} ﬁogﬁ?tu{ye% ﬂ;hﬁ aﬂﬁ@én% alr;&soagﬁn L dosk B iMiddwer. The

es t ereln ower 1s pOS|t|one
Waaqr tewer @Spfomfedt“h@ a plrelgy of eafides theTdim Anklpwer it prséiiongdsat 4 top of the

wa@ééjlf%vgéé 'n'gﬁétvﬂafter %r%geg Ibe g }11%2{ gﬁl?gpérfhg? M@ifecll glaﬁ%l?ﬂlﬁereoﬁadj acent the
respeatiye pluraditand hafflen Theisteprof diwing dmprbiseisaipeeraprisgs paseing the

n@fgﬂi sm}rraisgﬁq b @M@ ths%emugg al bty Bf oassry 9Sm50 18%hel Qater

eln Xl mt e water Strl over
distrfhwited| ayerathe plyraéjfy thabfafﬂeesA watepQesdr is ksasqud tp dheshattgmend thegwater

to&é}eTﬁgt\rga‘P&mbggm 1@ ??s}{\@c}n@ﬁ 10 'i: Y& th I%ht%d e te a@ét& ITﬁe heated

positioned t ect the eate IStri wat er .
dlmmltdde@teeﬁomdh%wmrtbatlew penped toftheofirstthioat ewﬁlawer basin is

[Otﬁ'ﬂ[rﬁ‘fs%l tr%tl{ola%fftﬁg %F@E%%%MQQQQM h‘glgjtﬁé ﬁf‘sp héﬁ %xchanger is

the exanp Iments, water fromt

pufnpedstp theerater éoveshn aftey dre hest is anvfserad int thieironkatiog Teidwer
[O(ﬁPL eg(l[;}g]ag e?ﬁblohlﬁle}l{s %c{glggld 8@:&? t e@(cﬁagger WAL %ubes heat

n exanpl e I'ments, the second heat
exmaear@e hedtesl circuliing fuidh i asded avithiaathe shelk eirhargend, theripbes of the

seddGahEH efink d&?l%’] Fhi ﬁ chibd! Pgw"ﬁlsgag ?§s§§sqgfé(h%ﬂh9 t&b@ inh€deond heat

and aroun e tu es 0 econ at exc anger.
exchianger.i By efroddingduid fibmdbsscpensisest exkbanegts praped b e firt heat

exé]ﬁﬁ‘ge? g%ég ﬂ% hﬁﬁ% tran?féﬁg@ﬂ&ﬁ the cwﬁat gﬁﬂﬂ 13&)' qﬁ.\leﬁ'édqlaaﬁa@ ds.

eat exchanger 1Is pun'p to the rst hea
[0a2eE l&aﬂgemeta@ct ef tiehexamplet ertwdimentss fap rapwiiary r somce Her heating the

CH%%%Ig] 1@ ?ﬁﬁ/ldgél H}q%lggeg:%&&ﬁsetﬂg%;\ﬁ% cege E@H&%ﬁ%ﬁ §ture of the air
- is fgesxthin &¥ §/F do partieulfro anditieea gitangftst ¢feclrc@1htmguﬂhaql nsnlgeafeti llmydl liegting
so&éééééiéggﬁn thb &{i&%ﬁg&'{j\f@y H%sage%{égrglga {ﬂﬁ%ﬁif% 'Ehgn ?»F@%E@ﬁ%o the second
hegy aaxchaugﬂrahl tha pogferead guimdinieny o presént duventiann ghef segondatysheating
. SOngeaitS %dga%),ﬁreﬁ pafat JL\ gxall SH of1 of ﬂlehﬁ{chzlrgéalrhsat#ﬂ gﬁ@&ﬁgt be a)assed to

eat e at I'n asse
thej hoiler sb lastode diomidor mematlagcﬁthﬂgmﬂatmmﬁmﬂ;e preferred

[0(&??9&9&0%@ too:I fifth %g'p%gtt thj Y %&Eéﬂ? ﬂiveﬁtﬂ)g, fhe%ql gﬂ)rv}/deﬁ e“iastyét&g for

vapbrizing liquified natural gas comprising: a water tower means having a water inlet line and
a water outlet line, said water tower means for heating water passed from said water inlet line
therein such that heated water passes to said water outlet line, said water tower means
comprising: a chamber having a plurality of baffles therein, said water inlet line positioned so
as to distribute the water onto to said plurality of baffles; a blower means affixed to a top of
said chamber for drawing ambient air across the water on said plurality of baffles; and a water
basin positioned at a bottom of said chamber, said water outlet line connected to said water
basin; a first heat exchange means connected to said water outlet line such that the heated
water passes therethrough, said first heat exchange means having a circulating fluid line

extending therein in heat exchange relationship with said water outlet line, said first heat




source is a gas-fired boiler. A small portion of the
di scharged natural gas nust be passed to the boiler
so as to be fired for the heating of the circulating
fluid. [0021] According to a fifth aspect of the
present invention, there igg,provided a system for
vaporizin%glqu|f|ed naturé1 gas conprising: a water

exehangs mepna s tiaasferripe beaniiethe kratet Wajenén sitbwater quieteline into the
cir@ihtlt g dﬂdfld DEsaiBak %aﬂﬁé ﬁ&dtlﬁ\geﬁnd@@@&df&ﬁt HRRLP Qhe‘é\@st Eving a
pass ron1sa| water inlet line therein such that
hqh@'wcie@tweétge? lipg theesin, tseid Sirrdatingt ffyid bm pxsendinignia, saiglgsegond heat
ex éeﬁlw &E@? Hangg QHﬁfohﬁhﬁ‘ @ith §a1@ agisaed ohamen gudisecond heat

ura Ity o erein, said water inlet |ine
exwgget ingamé dfoss transgesringohedt dnop tha theatech sirguiatiag Thyid intq dhesligugfied
naﬂ%&l‘ ol i yauﬁﬁﬂggeﬁ&i l Qtﬁral ﬁasbin?é/v%&d NEANG ndftfdxXiBilod thedhs! RRing a
sal d diram ng anbient air across the
vapgaized ga@ﬁ“%%ﬁﬁelplmgrthfrrﬁﬁ%m of baffles; and a water basin
positioned at a bottom of said chanber, said water
outlet line connected to said water basin; a first
heat exchange neans connected to said water outl et
line such that the heated water passes therethrough,
said first heat exchange neans having a circul ating
fluid line extending therein in heat exchange
relationship with said water outlet line, said first
heat 4a exchange nmeans for transferring heat fromthe
heated water in said water outlet line into the
circulating fluid in said circulating fluid line; and
a second heat exchange neans having a |iquefied
natural gas line therein, said circulating fluid |ine
extending in said second heat exchange neans in heat
exchange relationship with said |liquefied gas |ine,
said second heat exchange neans for transferring heat
fromthe heated circulating fluid into the |iquefied
natural gas in said liquefied natural gas |ine, said
second heat exchange neans having a vaporized gas
outl et extending therefrom -5- [0021 a] According to
a sixth aspect of the present invention, there is
provided a systemfor vaporizing liquified natura
gas conprising: a water tower neans having a water
inlet line and a water outlet line, said water tower
nmeans for heating water passed fromsaid water inlet
line therein such that heated water passes to said
water outlet line; a first heat exchange neans
connected to said water outlet line such that the
heat ed wat er passes therethrough, said first




heat exchange neans having a circulating fluid |Iine
extending therein in heat exchange relationship with
said water outlet line, said first heat exchange neans
for transferring heat fromthe heated water in said
water outlet line into the girculating fluid in said
circulating fluid line; a second heat exchange neans
having a liquefied natural gas line therein, said
[002 12§ Woadriting td & Wixth dshddeofikb Efé@ém ¢hverlioB aﬂh&eﬁ@ﬁ@nﬂem &fstem for

exchange neans in heat .exc rel ati onsh
vapgrizng Hepifierd inagyral gas comprsing a.wa%g@@fsh@e% pviRg, W%fﬁrq%let line and

a WeRNSutlbine]! JaRNGHt&1t6 % neahet hefaﬁﬁlﬁ}vit%a&%aﬁ@ﬂl said water inlet line
circulating fluid into the Ilquefled_natural as in
3

thergincFuply Hfoated el BRsEFS logid Yaifeulieding: 8 St et fsclenge means

ccﬁﬁ&hﬂﬁ@ SaillBARS ol 1iRE siith I Bel h%@tgd gaer Pakbds Qﬁer&lﬁb&glﬁ k@ first
therefrom and a boile havi ng .a cErcu .ating

hep} Grehange facaps having ﬁgmltcwré%@f 35% lins dpnding JBSHE A ehgfﬂ exchange
reﬁﬁ@ﬁ’sﬁiﬁgﬁtlf@ﬁﬁ&ateﬁﬁitl@t R, k8 e 8aS ckdbnde8adand Brtthssferring heat

rc Iatln fluid passing to said second eat . . )
i g Bl kT P TR IRAPNeS cirelating
@02 ] a fecbddRkeat etcharfbe SAdAQNBAVIL 4 liggTiRIMENANMAYliid Berein, said
sten1agd ocess of the preferred  enbodi nent of the
\'/‘ght‘:’ftﬁﬂﬁlmg

ciffgtgn 1o FEIRNEARRYPIISIEETepfE In beat exchange
relatiyE VD | oty A@lcﬁlﬂﬁ&ﬁgﬂ 18e, SPLdcBhdat &éhar[g@Qﬂéﬂls for transferring

Referri there is shown
h%%mv gﬁgfreﬁffiﬂr tHe ffl"quw& fhe fquetisd a?fa'iaf gavd Sﬂ lquef{eg natural
g2 Ga€k4a gué@nd/netbtbxtcm ePmeiR hiask @leggﬂzet{%al d cg@l&:t &xRding therefrom,
| nv | On | NCl U

resent S
anfl gl peans bpyipg ¢ %@Qﬁﬂl@x@ﬂﬁr@% PR ere D o S sfoond heat
exEXMBANGRTs, i biRe mMéRisSor héAME thelodrcMadngafvid p@dsinig b €4id second
line 18 and a water outlet |li1ne 20. The water inlet
hept XEhaige |MEADP. el i ver cool ed water into the interior
of the water BeErDESCRIPIONAFEHPDRAMINGSNe 20 wil |

a he heated water fromthe jnterior of the water
10PER BIGUBE §.35 s hpripis RS GATnK e Arpoesicohyge pigferrod

enthoditehT thgadsest in@h&dn. f rom t he water basin 24 at the
bottom of the chanber 26 of the water tower 12.. The

punp 22 w il pass the heated water fromthe water

MODES FORSCARR ¥ N DUTSEHIED wﬁwamhﬁngmmlﬁsmmﬁ Alpeﬁmdamrw
ter will pass_through suj e fins, coils, and
[0¢43h KefeginestefdSURE {.ideregy Sh‘f"f“r télts PRRSSTS oK Eliearrgerization gfliquefied

nafifal tpfs inf=88bed:Bke Qﬂﬁthefﬂrﬁﬁﬂrédr&lﬂaﬁﬁ{eﬁtdoﬂ%ﬁé fresdnfnQerfion. The process
circulating fluid passing to the second heat

10&%?@3%@@?’66&@“’%% 8 ﬁrStt hgat FF@Bi‘ngPrr rand pecopdhiaberchppeer16. The water

toW@SI2bAga lhteOMBR line 18 and a water outlet line 20. The water inet line 18 will deliver

cooled water into the interior of the water tower 12. The water outlet line 20 will pass the heated

water from the interior of the water tower 12 outwardly therefrom. A pump 22 will serve to
draw the heated water from the water basin 24 at the bottom of the chamber 26 of the water
tower 12. The pump 22 will pass the heated water from the water outlet 28 to the first heat

exchanger 14. The heated water will pass through suitable fins, coils, and other passages in the



coil 30 in the first heat exchanger 14 has been

transferred to the circulating fluid in the coil 32,

the cooled water is passed through an outlet 34 of the

first heat exchanger 14. The cooled water fromoutl et

34 can then pass back for hegfing al ong water inlet

line 18 to the tower 12. [00241 In the present
ﬁli%@%hﬁ‘%‘ﬁ“gef & sp S trmsf?rsheﬁtnﬁ%mﬁ%ft batedoyatgr infopp[cireiipting fluid
p$ﬁﬂgetb the ddoMRMRAL exblﬁangé‘r 161 DRIRF t1dMbati fRonPihe SESd%éd \k(ﬁéﬁﬁﬁén%ﬁhrough

that. the water tower 12 operate in hlﬁg nper at ur

col A0iip P fissiiheat exghonges ) g#ﬁs’ lgen transfeseed ¢, c%@tng Alpid i m the coil 32,

thd €308, watd¥ il SRted hrbudhQMHRN A BY o8 the GRd hed: tRIhamdée FﬁdT}kQQEIed water
As &ych, mg@n such heated air is drawn through the
frofa pyfet $4cpn thep passiback for heapinglonerwaies snleldingds foytne’ LSEGIS

[0018 1€1h8 tpees & nﬂ%nt‘ic@x B € dr Y2 @) B\edaBird Ba L BPRRY BN "HRfever, it is
the water. A blo 36 is positioned _at the top of
imppant FLpreeRt 1%3116?“ %tﬂé‘»‘r W%t?f\k%‘verﬁ OPERlE Wi rrpppfurefnyifprments.

Fdr RRanfi?@ tie the@iulf CoHsOMUIExas0 REHER Gm&&nﬁ&&tﬂi@gj cbfleh %x&:bdj €F°F. As
of t he chﬂgger 26 of water tower 12. Simlar]y, the

b Athey s ted \pir|1f dpgern\Ngsovgliothe (e & i E/ USQ’é Gt seed water

pas@d d’leﬁdirﬁd) Rliisad gpusey e:lbv"ﬂaft:dc ﬂhS Eenﬂa@rafu@é @fﬁﬁe Qrﬂtei t&eblb\ﬂ&r@rﬁh@ﬁosmoned
er 26 _of_water

o GRS %%fr%erbtywesa{?e Biovt 0 ilont e et g trough

opdhifig 38 RHh&IbrOUeside of ledhaMiRl Y6 bRk A& 16w 12CSNALSA theQRated water
Wmhe interior of chanber 26. As heated air is drawn

WFough openings 38, the air will pass in proximty
over the wdely distributed water on the interior of
chanber 26. As such, a heat exchange effect wl]l
occur which will greatly elevate the tenperature of
the water within the tower 12. The blower 36 w |
ultimately pass cold air outwardly of the top of the
wat er tower 12. Since the cold tenperature of the
water in the water inlet line 18 cools the air bel ow
the dew point of water, noisture fromthe air wll
condense in variable quantities. As a result, this
noi sture will have to be drained fromthe system by
way of pipe 42. Utimtely, when the blower 36 draws
the warm anbient air through the chanber 26 of water
tower 12, the water is warned and slowy cascades to
the surge basin 24 as warmwater. Punp 22 will draw
the warmwater fromthe basin 24 back into the first
heat exchanger 14. [0025] The first heat exchanger 14
is formed of a common type of exchanger in which the
heated water passing through coil 30 is heat transfer
relationship with the circulating fluid passing
t hr ough



coil 32. Coil 32 is directed to the outlet line 44
wotowarsisb he suction side of punp 46. Punp 46 wrrius2doberssso

pass the heated circulating fluid into the interior of

the second heat exchanger 18- The second heat
. . ..exchanger_ 16 is a shell-and-tubes heat exchanger of a
distribjig mergvaﬁqséa fernedron the igtesior efchamber 2 of water towkt 120 a%ssa result, the

coledR AL 5 85 i 15 B AR B tice o
on thelihtesef dfathanderPel Agasaintan il E&vﬁ%ﬁﬁlgﬁ%fgﬁln%;g& the air will pass in

_interior of the second heat exchanger heat e
proximjiyrayer the wirdely digiriduied watarpe thetitedogif charsber06) At s, a heat exchange

R R P NI
blowerCid will @mALY pash HolWial! ou%aergﬂ}s topt%ﬁﬁ{é%ﬁgr tower l?f. Since the cold

relationship Wwth the t or € purposes o
tempemtuey af thegwatheirt thepertat intee lioé 18 heolsthe ui fieRay Gt diwapoint of water,

) as Wthin tubes 52, Utimtely, the tenperature of
mom‘fﬂ?ﬂdéom s widleondense i vaglaélemuam}@waeAg amsgg,rth@mcemremathave to be
: V. ' . ' S twardly of the
drained Bt BBAHER by bE it 0. Wi VB HE okt s the varmn
ambierft 2ir tir00gthe Baaabie 26 Of wakethRal 2 thaRakels viRnbe &8l 1By cascades to

hot circulating fluid and the |iquefied natural gas,
the surge basin24gsrveantmawatery Fump 22 will draydswatdmn waghfroml the basin 24 back into

jrculating . fluid outlet 68 fromthe second heat
the firs ot SxeMaPER . The warm ci roul ating f1uid will be
0025] 4ink @it Bdatiek RarfE OIS ik ! Ay |81 hich ¢
[ ]the tube% 55 0 tﬁglssecoeﬁ ﬁgg?ﬂéxc %g%%&&@g‘éﬁ_ﬁg&r}ggﬁxgmheated
water passing thesugh goil Bliisthestitiansfeemlationdtep sithlile dluliing f1bid passing through

v AnSEC .heat exchanger 16 t hrough pipe 64 and Is ]
coil 32y &P@gg stade the quilet linsH4 tewarkthe siction sidpipépuap 46. Pump 46 will

, . . g . dintat first

e 8 M ol o N5 68 i 3 e sesond

heat exblian@er0®.is 4 shollaril-tiBey 1At extchinge Pt ieotwaoahinatidl. Uiiguefied natural
ipe 64 is once again heated by the heated WO

gas wilbeslongpipe4 $iow thebowsn 60 a6Be secofid hert exchpagesil AgA suitable manifold
e b hArough..coid .30 in the fjrst heat exchanger 14. A
wil s Ao Brate) e inshe Sbes g GHkaF gt sisemdlenpxchanger
: . : i i . gl YO & bt
6. TOESEATS ] g SR B T e i
of shellt 0eofdhe sabhd heatfextlpnggar ic eSssill, hé hedted pirassitg fluid will be in heat

invention, punp 46 will draw required quantities of
exchange, gelatjonghipaywith ghe pubed 2 rfgnthienpurpotes eof tedgating theatemperature of the

. ded. . [ th th. | Ui .
ek R £ o Al o
be suchdhGithesht Bt THeas: oﬂ&ﬂ@fahu&l%@?%lbﬁ?@ ButwhrdB o debBidEoat exchanger

such as that of the southern ed States, the
16 thropghovperzadgasfoutleted?2.

[0026] Because of the heat transfer between the hot circulating fluid and the liquefied natural gas,

a cold circulating fluid will pass through cold circulating fluid outlet 68 from the second heat
exchanger 16. The warm circulating fluid will be directed in a cross-current flow on the outside of
. the tubes 52 of the second heat exchanger 16. The cold circulating fluid will leave the shell 60 of
the second heat exchanger 16 through pipe 64 and is directed to the first heat exchanger 14. The
cool circulating fluid will be directed into the first heat exchanger 14 through cold circulating fluid
inlet line 66. In this manner, the cold circulating fluid pipe 64 is once again heated by the heated



present invention cannot work all year around. In the
woroagdasssof Novermber through March, the anbi eptTavstooss23580
too cold to provide an econonical way for heating the
wat er. Therefore, in w nter-7-seasons, at |east partial
suppl emental firing of the boiler 70 is required so as
water passigg shirpegteenit 3hindhe firso heat sx¢hangarirdo Wyhogt tank €8 yeprovided so as to

The. .hoj 70,1 f. . hnol d h
sy 808 bty D RS A el 0t crutuing
fluid iSteyGib@idrBe bpdthitbn AShE oS 198FHhd PrefdrP: i

) coe:qd circul atﬂl)ng 11f| ui dﬁ:/%icl | pass t Foﬁgﬁﬁ%ﬁ%%n’%ﬂ&lpo% will draw

requiradrpuahiitiestof 7 dfcuidtiag flwid fom 7he subgestank 6B) &8 ngaded. such as

a, smal.l portion of the vapqrized gas fromthe second
[0027 A pseq hetel s o1 ,aﬁélgzl“tsjeca&t 14 Welgrdgcolmixirppslaion. The water
hould R/ iring of the boiler 70 with natural gas for
5 0111dt he éﬁggﬁt&%g of the circulating fluid. The heated
[0028]dE ventih atdrmgclirhates, Sudhsastthairof ples sorchein Uited Statss, fietgrédess 10 of the

74 of the boiler 70 and is passed directly and solely,
presenpinvepfionccaRpeiweik il Yot around. cln the imanths of Nowesmbice frewitbllarch, the

. -heat .fr . r dower. 1 to t indet, .
embiel{ 2 059 S VERBE TN UBS BTid bl Do i it
season$)a€ Eastpattinl @ﬁf}zpl_é’fﬂeﬁtﬁl Rdipl drehe Béile¥ 70 VR Guirdld dWlto b8re continuous

water tower 12 is normally used to cool” circulating
operatign Hirpughoukthe yearnTheeshojler Hsis af 4 knomarischnblogy sndiets been commonly used
. beli eyed that .such "towers"” have ever en__used for
inthe FRRIORTF BeAb Rt HRGRPHAME BRE: (4 £ 5o SSOMPIAPYRID Chesold circulating
fluid i b HRfeat : i I :
i AU SR AT ORRLER BUREIETE A SRR WA gl porion
of the vapprizedzgasdrom (e deedriddeat@ichinger 1 6L en bs uilzedabes td Pvide for the

. 1n the process 10 of the present invention. To the
firing of &?tbpa?ly?o wide aataral gag forfha heating ef theivatating Alid. ke heated circulating

i 30, SRk W bl 9 N 705 Db ety and otety, o i
combir2€l6h With @48 liiting A d Wetle@fed B thelhRatb® wilcPRBmMIhS water tower 12, to the inlet
continuously as an overflow quantity and can be used

side of #he feeerwhhaabexohanderd6. very nini nal water treatment.
' 030 able.1l,. as .sho hereinafter, i s an_energy_ and
10025 S Repigtent By afiorin it oG bR e o 1231 BBy osed to cool
1 111 ‘!' i 1 .t j n i i
s 5 58 ARS8 HE SR 08B0 B e
used fob itlpumirped afatarmile @dd water.s Conirdriy ¢ el appliehi oFitld watdBower as a
. 2004/ 044480 PCTI US2003/ 023580 -8- TABLE | Description
cooling yatersiowss i Whicheampierlossiosatys Somizaapsly fronN@potiping cueulstion water,

there is X3 iv&a%ercfgs%rigtcﬂerb%c%ss 10 of the present invention. To the contrary, because the water
is colder than the ambient air, water from the moisture of the air condenses and increases the water
inventory continuously., The water has to be drawn off continuously as an overflow quantity and
cant be used as fresh water after very minimal water treatment.

[0030] Table 1, as shown hereinafter, is an energy and process chart showing the operation of the
present invention. As can be seen the use of ambient air for the purposes of elevating the

temperature of liquefied natural gas is significantly beneficial.




Heat Transferred MVBTU hr 617.4 930 823 847 LNG Fl ow
woReadssiszhbhr 2,213,200 3,018, 000 2, 937, 500 3, 028TACLM03/023580
Nat ural Gas Fl ow Rate MMSCF/ day 1,100 1,500 1, 460
1,500 LNG Tenperature in dég. F -244 -244 -244 -244
Nat ural Gas Tenperature out deg. F 29 59 29 29
Water/d ycol Flow Rate gal/m nute 90,300 90, 300 90, 300
90,300 Water/d ycol Tenperature in deg. F 44 64 49 44
Water/ 3 ycol Tenperature out deg. F 29 42 29 29
T#p_éeirredi ate Exchangers Units operating 8 8 8 8 Heat
ferred MMBTU hr 617.4 930 823 351 Water/d ycol
pektripiorRat € gal / m nuugis90, 300 90 ER44b. O (5xatki2 Sekarhflf Examp.4
VWater/d ycol Tenperature in deg. F 29 42 29 29
LNGAPRY RSP ycol Tenfrésomerdfieé out deg.® F 44 64 49 44 ,
Held Trdhbtbrreg VAL €7 F| OB gal /' m nitg, 82, 40 854500 o7
600

LNGFioh®eie 46, 800  Ci T gapr. WAt er Tepmsdoatsieigood N2 gsrdoo Fo1
Nallthl 845 Fo@ Ratel r cul MMBaE/ery Tenper atipe outsodleq. 1480 35 4R0

h@ge@@f?tﬁiag{eloltgmerg@? ts operati®g§ 1 1'2‘55‘ 1 ﬁﬁm‘oer-?ég“r‘
| an 12 12 6 Jffer }—é ht sgogt 4
| Wﬁgg%ﬁpélﬁsﬂper%ﬁ?ﬁg ver bul By, g A7 5 %'i&
waldrnGlydotTepeeratireisue, Dgeg FBul b deg. F265 68472 58 28Air 29
Tenperature, out deg. F 44 48 46 44 Circul. Water
P HARETB2YF / i it @erdig 700 85, 60 82, %0 46,800 8
HesdThehbiirea VAL €7 TEMPGERRLI e 1N degz 4 35442 35 351

wedi/Glyebl Flowdteer  Tenp@higthd!r € out  dexoo F. 9®sho 70 9bB0050 51,100
watie/gtycol Teapsétes ned MR hr 617.4 980 8232351 2bbi st wse

Watgrighieohtegperaie ehl / hdsarF 28, 270 52, 300 485900 132300 44

Circul. Water Flow Rafe galfminute 82,700 85,600 82,700 46,800
Circul. Water Temperature in deg. ¥ 80 70 55 50
Circul. Water Temperature out deg. F 35 48 35 35
Water Tower Units operating 1 1 1 1
Number of Tower Cells / Fans 12 12 12 6
Tower Height Feet &4 54 64 54
Alr Temperature, Wet Bulb deg.F 59 75 65 53
Air Temperature, Dry Bulb deg. F 65 68 72 58
Air Temperature, out deg. F 44 48 46 44
Circul. Water Flow Rate gal/minute 82,700 85,600 82,700 46,800
Circul. Water Temperature in deg. F 35 42 35 38
Circul. Water Temperature out deg. F. 50 70 55 50
Heat Transferred MMBTU/he 6174 930 823 351
Moisture Condensation galthour 28,270 52,300 48,900 10,300
Water boilers Units operating 1 0 2 7
Heat Transferred MMBTU/Mr 59 85.9 579
Water/Glycol Flow Rate gal/minute 2,300 2,600 17,500
Water/Glycol Temperature in deg. F 110 110 110
Water/Glycol Temperature out deg. F 180 180 180

Example 1: Design case for Water Tower, LNG Vaporizers and Intermediate Exchangers
Example 2: Hot Season, no boiler operation

Example 3: Air temperature warmer than design

Example 4: Air temperature colder than design.




Water boilers Units operating 1 0 2 7 Heat
wo bhanaigored MMBTU hr 59 85.9 579 Water/ G ycpéT/Bksi0/023580
Rate gal | m nute 2,300 2,600 17,500 Water/dyco
Tenperature in deg. F 110 130 110 Water/d yco
i nperature out deg. F 180 180 180 Exanple 1: Design
{0031] Theprepesy Hmt&naw@msmmmpmmsgveﬁhe pmnr@rtnﬁdpmmlar inhot

ot SEARHIEGS, BB et S B RS o Pt vang

the watéi tefhperit@i¥DEARh YERICHE ([:ﬁ\.é hhaR
PCT/ US2003/ 023580 -9 [0031] Tﬁﬁr%@éﬁ@ %\%ﬁf RASES das for the

purposesei fesynesatutiegltiviiian rﬁhzmamuagea siguificartlencrgy cast bartefit over existing
stemn articular, in hot .weather environnents, the present

SYS®IMY- nvent i on utilizes the anbient air for the pur poses of

[0032) ?h@‘fﬁ%%éiﬁg distRsie Lid dEsgz 'i)f' e in ti%n il sﬁ'atn}ehag'ld explanatory
present ihvention avol e Use Of hatur & gas f

thereoft Héariopm chmgemmthe tielmlmc)ﬁihe likustlaedadyiien. or Thitse Qe of the described
res n a significant ener cost benefit over

processgan E? mﬁée opg @G@?PWﬁ‘gedft‘é@@@W uiglepantigs fom tha grue spirit

o e S3HEA Pl NG5O GO0l B HRHSS opso

legal eqoivaldigs. i | | ustrated systemor in the steps of the
descri bed process can be made within the scope of the
appended clainms w thout departing fromthe true spirit
of the invention. The present invention should only be
limted by the following clains and their |ega
equi val ents. WD 2004/ 044480 PCT/ US2003/ 023580 -10
CLAIMS | CLAIM 1. A process for vaporizing |liquefied
natural gas conprising: passing water into a water
tower so as to elevate a tenperature of the water
said step




of passing water conprising: distributing the water
over an interior surface of the water tower; and
drawi ng anbi ent air through the water tower across the

wd fbdispgbed water so as to transfer heat fpopaiBidko
air to the water; punping the elevated tenperature

wat er through a first heat -&kchanger; passing a
circulating fluid through the first heated exchanger
so as to transfer heat f¢bMMhe el evated tenperature

[owaler into said circulating fluid;, passing the
1 quefied natural gas into a second heat exchanger;
pubpimgocessdoheporaingliquefiediaturg chi etingprisingm t he fi r st
heat exchanger i.qto t he second eat exchanger_so as
Lo t r arfer O VSt F BHTiRE SO AL B TR CMPERARTS ¢l Wi, said step

of pdstifigl@bleCebnippiciagal gas; and di scharging vapori zed
natural gas fromthe second heat exchanger. 2. The
process of O ai niisiribptingithewateroveran gitertpr surfanelefiths wager tower; and

noi sture fromth il I, d er_tower; and -
drai ning the con gﬁ?&ﬁ%&%%ﬁ%&%ﬁ&?ﬁ ik r&gma&;os? glistributed
wateBso dEHe transtor bes frol aflbddnineit to theiwafgr conpri si ng:

exhausting, cool ed air froma top of said water tower
after tw%ﬁ’ﬁgﬁ‘eeﬁiﬁfvatﬁii femperas wigter huqugh & firyl deatiexehapesit ed

vat er . phssinbheilRalaERSHui@ thrédghinh frst Heied Q}ﬁ:ﬁl&l‘g@@ %SStF W9nsfer heat
formngthe wat er tower having aplurality atrfles
from ftlos ¢lesated femnperature watetiingmsaéd citcolating fiidyvi ng” a bl ower at a

top th , | ter .tower havi lural ity of
openi n Sjga%?{ grﬂgreeﬁgdu?%éﬁgna\;\ﬁ%?ll £35 0.4 SeeS?n%%’&?[fg‘él??Pgﬂ’
r espec tpun@ing tigdietted bicduddting uaf fréta tHel FB§ hef Rk shaB i@ Bntd fhe second

| drﬁvvigg? anbient _air conprising, passing the anbient
heat gropanest o SaFlT Ietiramiths clrspiaipafiia o the ligyefied nparal gas; and

cl ose Wil St ri sai d

o1 ur a1 st Voobadd Mol gl rufl RIS RN
‘st plhefprdcessioif Aipim i efinvhéraondpeivieg: conpri si ng: securing a
wat er basjn.to a bottom.of ,said water tower, said

wat er 83%4eﬂ31?ﬁ3‘§?1§ ‘i”{?rf%(lin the gir1miosgjd pigfer OerPRe heat ed

di stri ey hetaidenssdifdishir® BoMlsald Wik Rl he el evat ed
tenperature water conprising punping the heated

di3stFeprces ohglain 1f fughersagiriomg:er basin to said first
heat e)é%ﬁﬂ’ﬂiﬁrcooled air from a top of said water tower after the ambient air is drawn

across the distributed water.
4. The process of Claim 1, further comprising:

forming the water tower having a plurality of baffles formed therein, said water tower
having a blower at a top thereof, said water tower having a plurality of openings formed in a wall
thereof adjacent respectively said plurality of baffles, said step of drawing ambient air comprising
passing the ambient air through said plurality of openings so as to be in close proximity to the water
distributed over said plurality of baffles.

- 5. The process of Claim 4, said step of forming the water tower comprising:

securing a water basin to a bottom of said water tower, said water basin positioned

s0 as to collect the heated distributed water, said step of pumping the elevated temperature water

comprising pumping the heated distributed water from said water basin to said first heat exchanger.




WO 2004/ 044480 PCT/ US2003/023580 -11 6. The process
of Cdaiml1, further conprising: punping the water from
said first heat exchanger to said water tower after

wo BBk 1S transferred into the circul atigfng. fdbi:Ha3ss0
LS

The process of Caim1, said second heat exchanger
bei ng a shell -and-tubes heall- exchanger, said heat

Ci rCJtll ating fluid passing within the shell and across
thé& bﬁ)@gce ofFpign L dwshes compisingexchanger, said

| i quef i Rehpatts @he Qﬁéﬁ}s@ﬂe@_i E{Fﬁéﬁ%'e‘r t%g%gtgv% ef‘oei(egﬁgﬁr the heat

. said second heat exchanger. e-pro
1s trapsfefreg intoethe eiomiating flmg:.  punpi ng the circulating fluid
fr ajd sec .heat exchanger to said first heat
exniRoRPeSt B iyl el S8y Rish Fetinisa eingop shilchud-tubes hat
exchanges, shid heal Giréulating fulf Shstiewithid Wl sharfl fbgsglsheg\%s oPsaid Second

heat DL QCESS f, l’ vaporizing liquefied natura
eat gel Ffﬂg liqusfied natyral,ges passing thyough Weettelres frosaist sesmd hsat erchanger.

el £V Al Geok IS URGual ol €11 Punping t he

el evat ed tgrrperatur’e wa rough a first heat
exchangumpingabs cingplaing ifluid frarh istig sédord HedtbiensgBertth §aid first heat

| rst. heated.exchan so as.to transfer heat from
e"*%%é‘s %‘T“’é@'ﬁﬁ%% 5 té"’r?ﬁ’%Frg‘f fipB Soid cissulgting Sluiinte tos hauefied naieyal gas.
flgi ﬂpm@agggrwgpdrﬁﬁlglﬂq%@gdilﬁ%ﬁag %ﬁigﬁgﬂ . into a second

heat exchanger’; punping the rculating fluid
f r om t RaSSIEM@Eer oo walet Fravey & asito tlovathetespeanse ofthaivater;

exchan E nsfer heat.fro he circulatin
Fluid Paren He o bl HAG mieh s Se b X it
vapori pesingatcirculhtingahiid theshich iR HRGEAH HRBAncBXSNARIBENsfer heat
fromﬂiegeﬁ' n danot her quantity_ of circul ating fluid by a
TYAG EHRCRRI S VAT gl einqelatipg figid; t ower, sai d

heatin : 6 -f1re kler: ;and passi ng

the heor ot RNl 28 ol e e 8™l a1 nto

sai d speopidg thedieatedsichbitige flnidSainrths fesphek eihsedaingd M8 second

heat §RRARtAE 2 B tR el Rorh i bt hn ooy Betvashent:
fi 1i NgdiseiathinkOrabbid Hhnbdd gascﬁo%meg&gﬂd hat é&fcﬂlm%%gs Sl

as to heat said another quantity of circulati
f1 ui d. heating another quantity of circulating fluid by a heating source other than the water

tower, said heating source being a gas-fired boiler; and
passing the heated another quantity of circulating fluid into said second heat
exchanger, said step of discharging vaporized natural gas comprising:
passing a portion of the discharged natural gas to said heating source; and
firing said portion of the discharged natural gas so as to heat said another
quantity of circulating fluid.




WD 2004/ 044480 PCT/ US2003/ 023580 -12 10. A process
for vaporizing liquefied natural gas conprising:
passing water into a water tower so as to elevate a
wosipRhakyre of the water, said step of pasgifgHRlSIsso
conprising: distributing the water over an interior
surface of the water tower-l%and drawi ng anbient air
through the water tower across the distributed water
a‘g PYogess foyapeizingdiguefiedneiusatsiscempsisingt o t he wat er,
t he anty o ' I ' e ratyre in .
exces gtﬁ o f%m%@d&ér Iﬁr}ﬁ %{rplwlg%fgt%}”%re% el ev g?r %la b 1iege]mllﬁp{;[;[eglﬁ":ﬁ ?#lée Wiolerypid step
of paskingwefhr aunfpirisin: heat exchanger; passing a circul ating
fluid throug{hsmh fi.rst heated, exchanger so as to

transfer he Fatep PYRy 3% IEPTIOR SHS RPS P Hhe wise tepver; and

into said Cifauadnhiitht bir trélioh BRSPAD Sovid? GerblsIbEdibiRButed water so

natural gas into a second he€at exchanger; punping i he
as torv@ﬁ%f@dle@i% oabier gice thie avater, dhn anthdent wir Savikpadry xibartesperature
ine,gfcggsgffyja@;second heat exchanger so as to transfer heat

romthe’ circulating fluid into the liquefied natural

gas; ampdmpihpsiehdegied genympirt patr thidugh alfirgasatkrQanhidre

second heat exchanger. 11. A process for vapori zing

| i quef PEYISAcirculetinglnid duonsh dhefist heated prrlangsr sor asitp fransier heat
from\i @évale@ Weiperure i i uﬁﬁﬁ rature of the

Waterv,a sai ° wat 2}a{egg1?4ngiy rngs v@tﬁgg’; punpi ng t he

el evat gessingnipdiquefiednahmslans intorasegindaehti exsianpeat

exchanger ;. passi ng.a. ci.r.cul at ] fly d _through the
 Tirst Ruapisl %ﬁ“@ﬁ%ﬁa’é‘r‘“@%ﬁ@% Fhﬁﬁ%ffté@fﬁéal%angq%ﬁihe second
heat éxohar@brak QO dnSRP RSB E b ThoBHcRlktidd Wild 536 the Gilghdtith AhilRPgas; and

fluid, said circulating fluid being glycol;” passing .

the |i disearging yaporired nafual gasfron thesewod Hedt enthanger.

exchanger; punping the heated circulating fluid from

the first heat exchanger into the second heat

exXldhangetessfor agpokiging lignske ha askb@pmdife circul ating
fluid into the liquefied natural gas; and discharging
vapor i PEEIE Faifr dnto gaateriowmsrisp s Hedieyiaie demperabarshefibrewater, said

Water\@nog%ﬁ{gﬁéé8o PCT/ US2003/ 023580

pumping the elevated temperature water through a first heat exchanger;

soll.

passing a circulating fluid through the first heated exchanger so as to transfer heat
‘from the elevated temperature water into sajd circulating fluid, said circulating fluid being glycol;

passing the liquefied natural gas into a second heat exchanger;

pumping the heated circulating fluid from the first heat exchanger into the second
heat exchanger so as to transfer heat from the circulating fluid into the liquefied natural gas; and

discharging vaporized natural gas from the second heat exchanger.




-13 12. A systemfor vaporizing liquified natural gas
conprising: a water tower neans having a water inlet
line and a water outlet line, said water tower neans

wohodiRedkd Ng wat er passed from said water 'n{J@FUéz'o&ﬁ)zssso
therein such that heated water passes to sald water

'outlet line, said water towd$- neans conprising: a

?gbﬁ rt1aV|fn a pl urallt% of baffles therein, said
SHIRER 19t vaperizingdigpifish agfuiabeas somprismes t r i but e the

wat er oflRettOwsdedndtatin %Wﬁ%r.lglfet lﬁ@%&eﬁ terd ou @W ﬁﬂdd water tower

nmeans affixed to a top sal
meapydgr bagting witer passeddiont $uid waterainlenlineshdrein phcﬂhrtﬁét hkatedater passes to

b t d at abott f
sid e bERA IR i o e BB sPRRII ne connect ed 1o

sai d wat er basi nacﬁanfxﬂc[' Iiziwl{'g&ﬂilmﬁm?'%@'ﬁﬁﬁes'@é}@ﬁl said water inlet line
connected § water outlet |line such that alll

posifioned sojas t&&{*‘*@}"%% water pnie orsidpligrlity gbbadfles r st heat

exchange nmeans hayj
extending therein q%%r%gg%s@%ng% Ofsqgggla&}ggﬁ%drwlpﬁmblem
alfa@ﬁ%@%ﬁ@rﬂﬂcﬁaﬂ}émahmmébafﬁag shdf i rst heat exchange means

f or transferrlng t fromt (g gated water in said
wat er outlet |ind% 833{13%9“&“? 3t e 8oy Ofpid plpmbsr, said water outlet

lmemnnmﬂdabbﬁ@wﬁfeﬂbﬁld ine; and a second heat exchange
nmeans having a | |quef| ed natural gas line therein,

sai d ctiueihicat gxaange wiahs comectedktosnidivatpr butles Hihekuslethartte heated

s SAEARDAR B L D5 RS 5 AR et

thereemn heah gehamgnalatanship e $die eicneutlRBlae, JalOmiHas: etlaéhgéimeans for
e quefied natural gas in

fluid_ into the |i
trans gl”’c?%ef“qtlﬁ%‘% thecheatef wyaier inyspdd Wateroutlebling igteche dirdwlting fluid in said

clmuﬁﬁg@ﬂﬂggn@c%as havi ng a vaporized gas outlet extending
therefrom 13. The systemof Claim 12, said first

heat ex&brzonbhent andlalwnwys &avinph didué&ﬁ&hﬁﬁltghﬁhne glerem said
e 5t T S i
with SRUGRenfnas hﬁa@ﬁae&snﬂ%@f@c RAYE R f&'t{aﬁ&éﬁhg s hgﬁhﬁe heated

outl et extending therefrom said circulating
Wcu]é@ﬂa fuid aﬁmdxq@aﬁqdm@mmhghs waiid Ligiefed|natiral gas ling shid lségord heat

e nmeans, 1 The system of
oxe eﬁl@iﬂ%‘g{"ﬁ%aggbgg% atgg %?fﬁ“%fa%r ns conprising a
shel | - and- t ubes
13. The system of Claim 12, said first heat exchange means having a cooled water outlet,

said cooled water outlet in communication with said water inlet line.

14. The system of Claim 12, said second heat exchange means having a circulating fluid
outlet extending therefrom, said circulating fluid outlet communicating with said circulating fluid

line in said first heat exchange means.

15, The system of Claim 12, said second heat exchange means comprising a shell-and-tubes
heat exchanger, said liquefied natural gas line being the tubes of said heat exchanger, the circulating
fluid passing around the tubes interior of the shell, said circulating fluid line opening to the interior

of said shell, said vaporized gas outlet positioned at an upper end of said heat exchanger.




heat exchanger, said liquefied natural gas |ine being

the tubes of said heat exchanger, the circulating

fluid passing around the tubes interior of the shell,
w‘i?ig LWgulating fluid Iine opening to the | | or

0 0346{{?43‘[8§hel |, said vaporized gas outl et pok??@%ﬁ'gﬁm;ﬁs"

an upper end of said heat exéhanger. WO 2004/ 044480

PCT/ US2003/ 023580 -14 16. A system for vaporizing

| i 4 fisgdiem g1 eporizingdiquifiep nitwiahgas camyaiting: t ower neans

havi ng guat ] [in nd .awater outlet line, said

wat er tower ﬁBW%%Jrl]eg}l % l?”“ﬁ%‘g? ﬁeﬁlﬁié@&e@gﬁ‘gg@%ﬂ?tﬂ‘&%%g wgter tower

meagfoe heating shtel pasecdt frumi giidwattiGRlet i thbremisach RS PHHEEsses to
water outlet line; a first heat exchange

. to. sal
Smdr’?@%?ﬁg%legnﬂ‘@ct ed to said water outlet line such that
t he head St heabdxRharR@SS&R cb Mqﬁt hd bk Lol yheat
exchagge nmeans ha?/llgng a gi @%ﬁﬁggﬁsﬁg ﬁ?’g{lﬁillﬁeesu‘:}l thaF fhe heated
walcg Risesrdnasethronsls saifl first heahexshangw mleamsdaving b altduliia fsidWnt Bxtending

' ine, said first. heat exchange neans .

fher or qlet r %ﬁ{saflg%#aﬁ%m#@ﬂlﬂ’fsﬁgmaﬁ’i8‘@@&?"98&1 fskheat gxchigggg means for

transfiarting heat fromt thé hewted Wit it B8d Glatef Wil 188 irkd e Sirb a2 tHid in said
ing fluid line; a second heat exchange nedns

. circul at
eire %ﬁﬁﬁ@‘qei quefied natural gas line therein, said

ci rcul gt 4e8shd hdat Bxdnl g, i i.d second.heagt . .
. exchange neans I n hglglkt% Ig%%ﬁg%}g ?éiﬁgff%gnnsaﬁ}mg gaw?]%erem, said
circulgging fipiddire fexendinmin shidesond héatlexschanye thdagsin heat CREHABE: relationship
. trransferring, heat . fromthe heated.
with SR8 515 PP SPonpig e Exchings Brerfor amsieaine e fiom the heated
circuluihgl flhidGite ftheeluaBéd ahlralGasinl dafifiqushl e ak

exchange neans havi ng a%%aglori Zlgéﬁ%%ﬁa@%@%@?h%},{%%dﬁe%ogm heat
exchingg meansdipving 8orapdsized gas ontletestehdiug thgrefrom, melil at i ng

fluid I ' t.herefrom.t.0 sai d. second heat

exchan gdga rﬁr%rg[)}(}etsass_r}%gilﬁga %%“;aglpg ﬁgghge%qn g“teF mytp gaid second heat
exchayige cuehize, saig) bbiletimkapasis heging theSdictlafRe AR fﬂé%ﬁig to said second heat
exchexchan e nmeans. 17. The system of Caim 16, salé

LER heat exchange neans having a gas |ine connected

thereto, said boiler neans having said gas |ine

connected thereto, said second heat exchange means

f A7 Bhesysion of Ghamtlb pmidetcont Rear axuhinge @tbafdtiving A @8khe connected

ine to sai.d hoiler nmeans, said boiler neans

' |
mere‘?’f’“’ﬁ‘ﬁ?%ﬁ?%’éﬂ%%fﬁgf@& ggHinespnmeeteq Biersia said segond heatigeliangrmeans
for pdstivig & porfiof f the Gapdtizb@dsiBobitath £4s e to said boiler means, said boiler

means firing the vaporized gas so as o heat the circulating fluid in said circulating fluid line.




