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r €qo003¢ ®ne such apparatus for coohng the engine of a vessel is channel steel, which is
essentially a large quantity of shaped steel that is welded to the bottom of the hull of a
vessel for conveying engine coolant and transferring heat from the coolant to the
ambient water. There are many severe limitations with channel steel. For example, it
is very inefficient, requiring a large amount of steel in order to obtain the required
cooling effect; it is very expensive to attach to a vessel since it must be welded to the

hull, which is a very labor intensive operation; because channel steel is very heavy, the
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headers are spaced fairly close to eac other, to create a large heat flow surface area,
while maintaining a relatively compact size and shape. Frequently, these keel coolers
are disposed in recesses on the bottom of the hull of a vessel, and sometimes are
mounted on the side of the vessel, but in all cases below the water line. There are of
course some rare situations when the keel cooler can be used when not submerged,

such as when the vessel is being dry docked.
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through the more central tubes, and much less coolant per tube through the outermost
tubes. A graph of the flow through the tubes has a general bell-shaped configuration,
with the amount of flow decreasing from the central portion of the tube array. The
result is that heat transfer is lower for the outermost tubes, and the overall heat transfer

for the keel cooler is also relatively lower, and the pressure drop across the keel cooler
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the various aspects of the present invention described above (and in further detail
below), keel coolers having smaller footprints and lower internal pressure drops are
possible. These are major advantages of the present invention.

[0012] Some of the shortcomings of heat exchangers with rectangular heat conduction

tubes conventionally used relate to the imbalance in the coolant flow among the
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outetocmsltto filnprove tieBow Diceolans to and from the outermost flow tubes. This is
disclosed in commonly assigned U.S. Patent Application No. 09/427,166 which is

incorporated herein by reference. The present invention is a variation on this

improvement.
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SUMVARY OF THE | NVENTI ON [001616 It is an object of the
present invention to provide a heat exchanger for

fluid cooled heat sources ﬂi ch is smaller than

correspondi ng heat ' ONane heat
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exbisddaat Eaurcdsnelhish id sthalbegp pharcadriespendiviyi hdat ieschapges having the
efficient than heat exchangers conventionally known
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E;@tﬁ?@;fé &H&anJ?E‘t bP the g?fés‘éﬁt A ehfiBs Q¥ ad ﬁ?f@iﬁde PAr£éBproved heat

anger for vesséls which is nore efficient In
headchangengéeindubtanl appdicetiortsi whizgh iomeerpi efficicitethan heat exchangers
exchangers 0019%@t i,S an additional object to
pr&dy 10pafly, 03V 1364t exchanger and headers

theoeef 1t 4o ﬁt“arﬁﬁ{é?rﬁ ki o tHé k286 idvBstidd RVpretide ealidptoved one-
th gugg)Ih eaz of thg Jteubce):s o?ﬁrt he 1Izleel1 co\g’)\?er_l. [OO%]

A ficee heat ekjhengeri fort esprlowildeh dan mensr effisienbrie- pjag deansfer than
heat excha %?er whi.ch es the pressure drop of

d
c cEnX RGN qﬁ%‘e‘fel%la%?’{?s%l%ﬁsj [0021] A further object

of [obll§] RIi§ ek AditiBHANSHj&R tb %rdd_ﬁc@ AQHeqRec@Mdaprchugtr and headers
one- pi'ece heat exchanger having heat conduction tubes

whihetgofmbiochegeneralyi eaualizes the dlosv efbeaoiamh thraugh gagh & hectbes of the

size frcimthe current heat exchangers due to inproved
cOSICAR ow  distribution inside the heat exchanger.

[ 0@22D] AnRikther oljbitess tto ipsovi@e pii Gmipeisvedonkspicordt exchanger which
one- pi ece heat exchanger having a reduced size from
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he nsf byl ' .
gL B AR b DI B SRSl onics
t higea$ ieZ€ha@bert e iiguhes coh@RASH thiiesiwhieln atehrectanpylecin ¢ross-section
provi de a keel cool er and header thereof, which

prlagvées tedupest §2¢ Fremaike SUTTERIRRA RECIHNRTTS Gye 10 frarigyed coolant flow
gg@g r@gﬁgﬁﬂw{#%&ﬁ{é{ g}?ogg%%rng one- pi ece keel coolers

ers er eo ing in a lower drag on the )
vermeb] Ahbtedbbjctat he prodeat inprovéteome-pisenheat pyemngeonhaving a

is to provide an inproved one-piece  keel cooler [ cht sfer
| crediedienra o SeTSTOGH CPEPUGE CoR HARBF oL FORBTAYC ne tan
CO&\b%Bﬂiit}Qn@}l r&ﬁ@fng the length of the heat transfer tubes, the number of tubes
and/or the size of the tubes.
[0023] It is another object to provide a keel cooler and header thereof which projects
into the water from the hull by a lesser amount than the corresponding one-piece keel
coolers and headers thereof, resulting in a lower drag on the vessel.
[0024] Another object of the present invention is to provide an improved one-piece
keel cooler which is easier to install on vessels than corresponding conventional keel
coolers presently on the market.
[0025] It is still another object of the invention to provide a one-piece heat exchanger
having a reduced pressure drop and a more uniform distribution of coolant flowing

therethrough than conventional heat exchangers presently on the market, for



cool ers presently on the market. [0025] It is stil
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ad@xehapgens whiehiilhgprpass theaxysiallihegt tramthr pedoralanspakprovide lower
requirements,..to.acconmodate a greater heat t put . ..
SRS GRS TR o S el o requing
pr @Mcﬂi@@nzﬂ%ﬁbd&ﬁé@dfé%éﬁ%?ﬂ%cc&ﬁﬁmo@at@ RGredidrRst JYeA:.

exchanger having rectangul ar cool ant™ fl ow tubes.
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one: pj changer. whi ch royi d for enhanced
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coP0029y Arivith Wisjest! htodsrovide &f hdade RS bRepMed hedlexthiiger which
flow tubes. [OOS%% Yet a further object is to provide
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pr Qyi r [ 00l.ant through all
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current conventional headers. [0031] Still yet a
f uPhirdy Pragdet or gpore waifprne et ofi Geglant theanghalltgbesrafithelkseel cooler,
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[0933], QL her, apiet s, wifl hecone apparent from the

[0032] A general object of the present invention is to provide a one-piece heat
exchanger and headers thereof which is efficient and effective in manufacture and use.
[0033] Other objects will become apparent from the description to follow and from
the appended claims.

[0034] The invention to which this application is directed is a one-piece heat
exchanger, i.e. heat exchangers having two headers which are integral with coolant
flow tubes. It is particularly applicable to heat exchangers used on marine vessels as

discussed earlier, which in that context are also called keel coolers. However, heat



t he appended clains. [0034] The invention to which
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parti aI FIGURE 43¥apahigbsietorisindevd 0P E&ﬂti@lﬂy citfawial @eader and a portion
cool ant flow tubes of a one-piece keel cooler

acebthe condant @owmbqsmf apngrpiece lme@mr@cqogdlag to the prior art;
Cross- Sﬁlghl}gﬁ%lt K& cer%%s sfect?orf&?(/few& P ox‘ﬂo¢§1 oF k%Qloé g[er accordmg to

accordi Ior ar sho er an

of tHehRioE 8@ shotvird @M‘éaﬂb&b&ﬂ paftl BtiREcodldns ﬂawsutohs
cross-sectional, partial view of a porti
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one- pi eEKSWRE|6 i is acles st seshemabgpartial gy %ﬂ%@ﬂ‘ﬂlﬁ@r‘hf opg-piece keel
the j,nv a

c oB?OA?{t %ﬁrdl% tcl)J E)gg ynﬁ?%@ﬁ%e ﬁ&lg gn@%ldﬁ EHOV\lelg 5 R€ader and part of the
cresslat@lotvitabd] , partial view of a vari atl on of the

enbodi nent. of the appar atus shown .in Fl GURE

e FRWBE: G o\ bsr HSBOROPEH Gprial GHa pifet SapaGn of the
CoQJnS?dlf’i‘l%ﬁtoJf%eﬂﬁgﬁﬁtustsW inHGURTRdi ment of the

I nventi on ortions cut away; FIGURE 8 is a
pi ct or i RIGUREW ish pictérizhsiew dmcbopmﬁof@forltm@cc &edl apeler according to

fl ow tubes of a i ece ke 00l er according to
{ hiherirrgbeaisat AR TR VIR PEROTA 2P RBURE 6°1 & a
side vi g;@fus@al@ta d&étoﬁa%le%@w Bdadsr aﬁl&% Jf ISR S tubes of a

FI GURE I's a side view of the apparatus shown in
FI GhiRpie8 kdel (BIRE atdording & tpaﬁrst ethb wrof thednveption;he

apparat BISGI%EEV&]IS a 51dle:|\/1e REf paft of the apparatus shown in FIGURE 8;
FIGURE 10 is a side view of the apparatus shown in FIGURE 8;

FIGURE 11 is a partial bottom view of the apparatus shown in FIGURE 8;

FIGURE 12 is a pictorial view of a keel cooler according to the first embodiment
of the invention;

FIGURE 13 is a cross-sectional view of a portion of a keel cooler, having several
variations of the orifice(s) for the flow of coolant between the header and the outermost

coolant flow tube, according to an aspect of the first embodiment of the invention;



FIGURE 12 is a pictorial view of a keel cooler

according to the first enbodi nent of the invention;
WO2BWRE248 i s a cross-sectional view of a portPORNUSK0H034343

keel cooler, having several variations of the
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2004/ 0ADEHIRIPEH i BROEHRADEEY.2A 2 190 PRIRE opaler sysiem according to the

pigtorial.view.qf . .pass keel cooler system
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enbodi ne the invention;, FIGUR I's a pictorial

Vi singlefas poetdins,coodrding e the fidkit rgbodimenteoffthe igvention;

enbodi nent f _the jnvention avi ng a singl as .
porti onFWRg 1ddd P@t%‘ﬁg%leﬁé’;f ?F(S% ;coéFrCiﬁﬁ%r%%getf’ @'le fiist embodiment
pi ' | ERaRhe 4 WRe1d BERIBrRAREd & MO Basd §6@bA Ng tO
thgfgﬂﬁen%e%di%entgo?tﬁg invention, FIGURE 19 is a

pi ct or i RIGURBWSaik pictanied visve etvicedqubleoprise systanesorgpiding 1@ the first

a se o({]d enbodi merg.t of the present invention; FlGJRE
195mpedigeq N8R a partially cut-away header and

a porti eIGORE!IDEs aGRbividw 6 baddgisceOechcadie-apicediag to a second
keel cooler according to an alternative version of the
s eewhadimehtoafitheepresent IVeRdIopr esent i nventi on show ng

2 L B Ll S ot

parti al e ap s as

FI G58¥mt 2w tibkSHRE 0Rdpiete Reel toulér acterdingftoan alternative version of the
alternative enbodi nrent of the fl ow diverter

, : . : ! %.3 shgvvn Auid:
i n seomUREboGmeny cfigmEpresent igventiop shawipg B dinespidhgapbient fluid;
al t er nat. odi ' T .
in Fl GUEE‘@SE%I i Ry itoh{lfesk biMe o ea%’vﬁégfa%;‘e‘?‘%%ﬁ??ﬂ“ 20
al t er natFIGERETI0W ianfesiit vizkv dffem dltemativalénrsodireent af thefbown diverter as
in FIGURE 20; FIGURE 24 is a front view of a further
al tshowinin ISURFAUi ment of the flow diverter as shown

in FlQU ; Liswaof Lfitter VdlBMaBte Sinbbdim@nt of the flow
further |§§I}ﬁgrEng% %Je%Egﬁgo{éliéWEnt of etrhe flow diverter
as doeerénasi showh GURGURE 20;
FIGURE 23 is a front view of yet another alternative embodiment of the flow
diverter as shown in FIGURE 20;
FIGURE 24 is a front view of a further alternative embodiment of the flow
diverter as shown in FIGURE 20;
FIGURE 25 is a front view of still a further alternative embodiment of the flow
diverter as shown in FIGURE 20;
FIGURE 26 is a front view of still another alternative embodiment of the flow
diverter as shown in FIGURE 20; and
FIGURE 27 is a front view of another alternative embodiment of the flow
diverter as shown in FIGURE 20.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS




FIGURE 26 is a front view of still another alternative
enbodi nent of the flow diverter as shown in Fl GURE

we@oo4msd2F| GURE 27 is a front view of another PCT/US2003/034343

alternative enbodi nent of the flow diverter as shown
in FI GURE 20. DETAI LED DESCRI P4 ON OF THE PREFERRED
EMBODI MENTS WD 2004/ 040223 PCT} S2003/ 034343 10
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connected to the hull of a vessel through which i
noatelleeated. Keel cooler 17 is connected to the hull of a vessel through which nozzles
27 and 28 extend. Large gaskets 36, 37 each have one side against headers 19, 21
respectively, and the other side engages the hull of the vessel. Rubber washers 38, 39
are disposed on the inside of the hull when keel cooler 17 is installed on a vessel, and

metal washers 40, 41 sit on rubber washers 38, 39. Nuts 42, 43, which typically are

made from metal compatible with the nozzle, screw down on sets of threads 44, 45 on



27 and 28 extend. Large gaskets 36, 37 each have one

si de agai nst headers 19, 21 respectively, and the
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nuwgﬁaggulgotu.bp, e@iRrhigh 1s|'mghaamdeby numeral 60 in FIGURE 4. The outer
tubes extend into header 19. FIGURES 4 and 5 show both sides of outside tube wall

61. Both sides of interior wall 65 are shown in FIGURE 4 and 5. A circular orifice 69

is shown extending through interior wall 65 of the outside rectangular tube of keel
cooler 17, and is provided for carrying coolant flowing through the outside tube into or
out of header 19. In this regard, nozzle 27 can either be an inlet conduit for receiving

hot coolant from the engine whose flow is indicated by the arrow A in FIGURE 5, but



tubes extend into header 19. FI GURES 4 and 5 show both
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from a polymeric substance. In typical situations, gaskets 36, 37 are between one

quarter inch and three quarter inches thick. Keel cooler 17 is installed on a vessel as
explained above. The plumbing from the vessel is attached by means of hoses to
nipple 31 and connector 29 and to nipple 32 and connector 30. A cofferdam or sea

chest (part of the vessel) at each end (not shown) contains both the portion of the
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situations, gaskets 36, 37 are%lzetvveen one quarter
inch and three quarter inches ]t ick. Keel cooler 17 is
installed on a vessel as

pl igeBlery andomtrReditredy g Enlc Rea B;svtﬁérgr@orﬂfiews%fgvent the
t 0o o Q{n%é%ﬂ' v% rlﬁ@ GEQEL hSuRNfle tk@elrﬂo?félr Be %gvé'i‘élg damaged or

connect or er amor sea chest (part of
Velﬂﬁeh\)/a)atwlmc Iambrmht fvater vedubdvntheowine Aowswislodittlet testriction into the
porti t% t he WD 2004/ 040223 PCT/ US2003/ 034343 13
no‘éefr © RRRFIRGON JeEaHPR-ect Iy inside the hull. Sea
_ ch@aa@ R‘éf%rrﬂ{%oﬂé)@etg FGURIBY SNt 1t hﬁ'le fnlv@ml&{ m’i(’ﬂ% @Blthe preferred
er into the vessel should the keel cooler
s earsbeelimpentaingeavmor Orteomnbcalmmt athtbe @renehi mntmt provides a keel

| th fl th litt t
Vel Bap e ey P A £ KB ST GRS OREP R rcs S the prior

neaﬁ BuP bEin%E&qt@geoum,m&dlﬁed RMERLIRN The eaivddRbent iRtludes a keel
preferred “enbodi hentsS is shown. One enbodi nent of the

pressm2invehicoolanlovitdss (6 heianeisofleid fvitnssasince in some
header w

as ntStﬁg fh& hﬁgrr t?ﬁaanﬁ B{: @ gi mgv;ﬁ&a ééglﬁgf %O@pgf\{ﬁgéglc Generally

' nﬁe@traﬁgdlhﬁ’croﬂ’&cﬁmoﬁl H¥eddr zonqé bl @Regalkwet of le@Dtaler200. Tubes
w th cool ant flow tubes W&or heat transfer fluid flow

t ub@sinchidadeteripr eloipaer ¢epdans dloastubpe 206 and OHgYMss or exterior tubes
PR b2 SR 8 B SR g s

padésc@[ﬁedk&ﬂher@ﬂd"afﬁat%@ﬁhd tduhelsead@0 Headed ?ﬂzﬂemclntlesranarpper wall or
or inner cool ant flow tubes 206 and out st or )
extoef 289, amgagled opml 216 heing| iategral gy, pties ﬁr@pu yzqthg, gppropriate

gg@g%%eglgﬁe JOVEIRE) ats, r BRE wid e 35 P%rgﬁﬁgon of an end wall 214,

r|b I er ®an attachedto

Heﬁrﬁfbh iR @drni i elatisl@gsead (Mﬂb@fefa‘ﬁlj’ pexpendiodér tzlﬁlppam/all 210 and a
led wall 216 being integral (or atta

e BlIGH71 cAREIed a6 Bk DI S@TAG) oo Yl 4 bt lower
sﬂgl%dmo'rt]algoh?ttééﬂg rthé?&[)tﬁap?pa&gp o e?ﬂé&%x%@ut:h 214 w@fdirfgh In other

arn Ts transverse t per péendi cular
t owouﬁparglera\bvhll leﬁ)lsamjh@otdmmet mﬁthmﬂidngﬁlm?croﬂm@cem feained by end

16 b t bot t 7 at
e L85 o bt b0 D b B o .
%@%R%G\ﬁﬁiﬁbn% hﬁ%e R4l 21’¥PFquUl§fEJ ben ofekieridd br outermost

ypot enuse 0 triangular cross-section
f oferedghiyr odr tubal208 24 an amigice 20 phe ngﬁhtaudcr fmtqa@lnﬁnd of tubes

mﬁ&ql):ﬁ %ﬁﬁhggdpﬁgrdﬁﬁ &%ngéo&kﬁal | %’8 f’r‘%l{éb %la'é‘t -’fl)owgirg %etween the
ex[c}%ﬁ b o?rhsgdétr?bﬁ%ﬁ ot S HAN AP 208 [(PHE EhHRebed @8 défased by upper

an oriftice one per header for each end of tubes
2081180 can insliedouifdedordsne eod ot inket ehd partiser229f ggled bottom wall
00(2)I16a rH)wgrl v?f\a{\fl 397 anctl end wah I}?4). Header 204 also has an anode assembly 222
on the underside of header 204 near the end of header 204 (shown in FIGURE 6) for
reducing corrosion of the keel cooler. It should be appreciated that anode assembly
222 can alternatively be disposed on the outside of end wall 214 (FIGURE 6a).
[0047] Anode assembly 222 includes a steel anode plug(s) 223 which is connected to

an anode insert(s) 224 which is part of header 204, an anode mounting screw(s) 242



chanber of header 204 and outer flow tubes 208 (The
chanber is defined by upper wall 210, an inclined

waeoiaee2dr i nner end or inlet end portion 229pCHEN§1008034343

bottomwal |l 216, lower wall 217 and end wall 214).
Header 204 al so has an anode aggenbly 222 on the
under si de of header 204 near the end of header 204

o o). TocRbann el 240 SR E LN R PalsobAi®228, whieh s
as a6flly madlofoac. aThe ik ingerty tHecandtle gxgg%@hdqne fkle bar have not

outside of end wall 214 (FI GURE 6a). [0047] Anode
as shanged fropp thenprierders bt syese omifieshiEropl bigess 2wl dHpe the sake of

i's e [ ich i

of FoBhennil, 22 il Bk dy it M §letgfgeP botom wall
20047 0M222tiRETY/ L8 Qi3sndAB232 maly Kdplatddbonl he side of end wall 214
| ockwasher ( s}l 246 (FI.GURE 11) .and anode bar 228, which

i sthahay Fgineyiherameicst flxidy cn additions 8 geain phug 244 (HigUkfodb extends
oy 1o 3%aih B EROAC oA R3S ARG HEARRI0R DRARIIAA also extends
t hdowawerdtf froml the uhgerside ofl o2 wally2 15t i Dlaireplig2d4 must be located
downwardly fromthe updersjde of bagttomwall  217.

A PRl {# PresTpb the Beatksr 9@@2%3%9 cpnoh be dirgcthnbanpgth angled
Si %g@fléend wal | 214 that is facing the anbient

flui I'n addition, a drain plug 244 (Fl GURE 11)
ex{@H@$ Consitlerirg dpevificafly ucuti away tEIGMRIEH, i lscehl ®0lgpaZG0 includes

Fr Erpvegen At 2788t Ges, 206 Seiou sy whR BT siTaner vl

nustg pgith eﬁﬁ&eeﬂzo? W Eeout@Rlogithibds 08! qt‘hg %geﬂ Edshe inlets or.ports for

header and therefore cannot be directl eneat h ang

wa rterior sub§s020Bire Glwwindeyr hwrgersh@27.f iTaéd Y06 jrtin dwader 204 through

FI GURE ee I i ncl udes, rectangul ar tubes

e isee 7S P RE Sho MR APP S et her 204 5981 aneled wal
and1 6 NRRferi¥Rhibes 20PBhdveiduler ¥l 1286, 20df Which BR also the side walls of
out er nost tubes 208. The open ends or inlets or ports

f oheadent28fi ofA gagkass23206Gimias whandnfdyythe same gurp®e. as gasket 36, is
Tu es Ze 6 jo(iétnngeader 204 through inclined surface
228PRFBURE?S)~'Sh t he opposite part of header 204 from

angl(ﬂg] wali fpoﬁéﬁ-paﬁﬂf@lﬁé séntiiRentifiSis ftevagdtvedll 28, | Angled wall
230, part of which are also the side walls of header.
20316 proyider emnumber okimpiortant adyanipgesite thetkeel ennles. Fiinspbsiag angled

o 0954 810U RSE s AL ATF B s o of

watdbolZikGithngbacheabtdnduliléh fbey ROE i@ nbEI® LT, @here nozzle 27 is an
i mportant advantages to the keel cooler. First, being

anghil noggleseiolipmi npzAeAJRE® §ibghd0s, Whiigmeazlaal|is an gnlet nozzle.
en I nyou 0 - It
T e C T P
2722% a@® to ditettathe flonz bfcoodant fintororifiez 226 add dpehimgs ADBSi.e. angled
202, where nozzle 27 |s an inlet nozzle. .
wall 216 directs the natural flow of coolant from the nozzle 27 to orifices 220 and tube
openings 227. It can be seen that angled wall 216 either facilitates the coolant flow
towards inlets 227 and to each of tubes 202 (including orifices 220 in interior wall 218
of exterior tubes 208) or from tubes 202 for discharge of coolant into nozzle 27 where
nozzle 27 is an outlet nozzle. The increased coolant flow in the outermost tubes
results in improved coolant flow distribution among all the tubes, which provides a

lower pressure drop across the entire system and greater heat transfer between the



When nozzle 27 is an inlet, angled wall 216 in

cooperation with the angled surface 229 acts to
wal2ooens02ehe fl ow of coolant into orifice 220 ap@r/uS2003/034343

openi ngs 227, i.e. angled wall 216 directs the

natural flow of cool ant fromtf‘se nozzle 27 to orifices

220 and tube openings 227. It can be seen that angl ed

wal | 216 either facilitates the cooj ant flow_ towards )

i rficetagt, dhroughdubes & An fthrp%*b?ﬂezwhi ohorulH AgH A e ambient
or e | r ; : i 1
SEUFLEF o2 0 S5 oL AP B QB gy Ao e
nodigleasidns wiee? 64 imdieg lire h2ight sndirkz outh @t widibz bred thehkeel cooler is

i ncreased cool ant _fI inth ut ernost tubes esylts

i MPRYE gléa V@E?SF‘QHE‘ af V\%'wt amfgrﬁ%ﬁﬁf’?l&ﬂt @%ﬁb&glqu{elr Elgaes increased
t U.g)e?o 3591 R HeYdwW 8fided coh¥ndMipaRatiERehali RPcoh@ItRBS using a heat
the entire system and greater heat transfer between

t hexcHiige0 8dioddiog 28 a We2Bsighod 4l same] §z¢ Gt &g numbers of tubes

t hrough tubes .202 and thyough t s, of cheader

and< %‘é‘gﬁﬁb?éme %{}95%36?5. S%ﬁe&aﬁ%@ﬁ%& PRIRY c%cg%?;ﬁroor flow
hayisBudt Nin ERGAG) Ik Bdat trdRGE O BE Ehecostie@ionalibes increased by 45%
dimensions are 2 '/2 inches in height and V2 inch.in

Wi @ite thesgedresprandingdicatcaanster upder capesnoading gordifierssysing the prior art

i th k | .
12l BB S 28, s [AANAEHARGOM B cnire sy

C Ok RENANBY Nibolie ATYe k€ hapgtcdlan dhistanod oves itheg carrbspahding unit of
exchanger accor di Prilglé.to a 1previ ous design of the sane.
si BESYRES 3 1 he Angiplaingd Selowy, hesimpapvempedh gy ¢ he pripiart is expected

t upe as sh ' 3 - & ich :
R T
exydidiancids Witke privireafpe tidher 66Santdlsrs, aleeot experienced to the same

correspondi ng heat transfer under correspondi ng
cogrdentibyribe keal geplenascording to ghe InVREION. cool er shown in

Fl 5 todi o ' -
<y R TR andle oAU 1 ] SRR petof o preSin iention. As
| ngisane& avein, tthe aagles depantidigs Onithetaf (FIGUBIRES B3 appropriately

5. As expl ai ned bel ow, the inprovenent qver, the prtor
ar mepsresk freny &g plang psapeadicylag ie dec jongrpdingldifgguan pppoolant flow

nor ens. SQ,~.as i S. 1. .
corRes BEIE Tl YR BT MF B SPreRBTE it e prsure dop in
1 o¥flant Fc MRughXRERdaglced to the same extent by the

keel cooler according to the invention. [OOSOL%The

anf108 1 pKeelrgioteds aesbtdim] ® the iraqqnﬁiwp@;ptugﬁ asﬁggy je hegm in the prior

present, i nvention. di s¢c d ] I
e SR oS P g BT AR SRE LT 5y 580 Y Bl coola
megagir @bed I AMBohtiforPkedh @odler pepfting taathetiavdniien is shown in FIGURE
| ongi tudi nal direction of coolant flow tubes 20

2 1aq.
ang?.edhighl illugtsases akgeleclers2Q0k having PPPESiRg Meaders 2941211(6 the one
Fgg@i\ﬁ'{{ }%e ﬁ@%%r’} TR AR fsho;% gﬁk{eﬁtgg Badnf1€a1 HRAAREs to those shown

I'ersaccordin i nvention are
USSIFRSURREY Hdawd doernt flimdtflvevsihioasne ndetle 2@fidhm a heat source in the

i ncorporate two headers which are connect eg ‘Bytugn 202, the other
ar vesgelofthgra flaws ghroggly(ogatheader 204, the coolant flo €s ,
header 204, the other nozzle 27, and the cooled coolant flows back to the heat source
in the vessel. While flowing through headers 204 and coolant flow tubes 202, the
coolant transfers heat to the ambient water. All of the advantages of the angled wall

216 apply to keel cooler 200'.



flow tubes. A common keel cooler according to the
invention is shown in FIGURE 12, which illustrates a

whe@k/oenes er 200" havi ng opposi hg headers 204 PCRES1008034343

one shown in FIGQURE 7. The headers shown have the
i dentical nunbers to those shOﬂp in FI GURE 7. Heated
coolant fluid flows into one nozzle 27 from a heat

sourc n the vessel, then flo through one header
zd@OSﬁhfés Ssatigngd 3006 HE5EE dﬁvﬁﬁhﬁ Oois e impREtapiepart of the new

2 Qéel Edb?er%h%e RA% Bk&e 7Tt 1@3&;1&9@ t§ AN e %ﬁﬁ'c@ﬁ& siftieMAtly large

to the heat source in the vessel. Wile flow ng
t rnocmgtot e &dpeds tROdmawnt of sodlant fléw davextatiershea0 Qqnduhteon tubes 208

Co5 Bl SRR 4R i R T g land
Foﬂl6ee]fnd2tﬁé)mterm AQRALLADD %3 d Borts Q’;':Bioﬁ%(aQ Bédetfdund fhat a distance of

As nentioned above, the size of orifice 220 is
arabonpb8todian npxdnrhet\@éentdﬂé'lcn éﬁﬁ) apéwillsabhesnt dnlowehedgedihe interior

he r. It is des e, th ce .be

0 GRARE Jooten et 97 S w207 56 S (720, SRR FIGHRE ©) be

c oﬁbaird%d ?dr%ﬂtﬁa&%ﬁl? thbTan'&@ a$ itGoRBHettWHithR2d&Bagedhsly done
keel cool er to i nplenent a balanced fl ow near

t hlez finhmg mre:uﬁfngamgi@&lﬂlamo wal} 81&nk is hmpprans thas theygoolant flow
(sjlulrg{ a(ﬁg%rlogf ugeg%gg%re gboM)mnﬁ%va@g?TS r%’l@xdt % os%2t8 their top.

an inch Ween ofr |

anphe\g@iktaficebltwedthe ltcSpSoﬂ @Rk 22008ad (ddf10md @cstla@n:rucq:a‘l The proper
the I ower parts of wall 216, wall 217 and surface 2
assizhawhplaeenmnGoReriBye B20 thyp sdugesthe Grespiip drapcefihe ﬁgolant in the

fjgel & ?%%‘teeér? %f l(éel cgolgrafd’d ?thu%%s tﬂ@“ﬂ&\b @Bgﬁl\é%ﬁl\?gﬁﬁﬁﬁésyand thus

or ‘cut orifice
21icrehdesitise hdﬁpﬁﬁﬁﬁﬁtthﬁohgh tHehﬁteI oubeannd fHemforeitind entire unit.

exterior tubes 208 be near the bottom of wa

r at0R&3] fApamractisalanatics, it heémee@ fpyind that @ ca%%%@%ﬁ@wm&fhameter
th

1 8 oSG A8 RO AP by A 081y provies

I et desirddn@opme §sur 1ﬁtodh® putﬁfmdish eubes olhilatenabling ke proper amount of
entire system of keel co | er Zoaﬁgbal anc s the flow

an%wg ipeteunperpibey abBel dHa™ fida onF EHEASaE Alifebhravided, as
%Jneih FII&U%%?;}; '&és’h'ltl 6f th%%&ﬁb&@ﬁaxlehﬁé efrs ﬁurh@lﬁ:al designators

re uni t a practical matter, 1t has been

f Oslf(bdvnt iRFUGYRAS € ull Arexoept that eothakiavegs @rime é)nMsgnatuassmce angle 0
| arge as possible while maintaining the orifice .in

walnas beien hangef o H@ d’éﬂloﬁﬂ%v@fdé%” 214 és \gmggrrthan e%plaﬁ?l( of wall 214
@ﬁ@:‘%{i 2‘?18 ql{rgﬁgt is. b?t?rh{éwa{l r\{\ﬁa(le re’?)?()b%rléigtge coﬁ%wratlon of wall

'Vbzfs hhapecanBodifibd o wald 288 SOrifiee PROMLIBsEn réslacedbgwmo orifices
in FI GURE 13, where all of the nenmbers have the sane

num aedP2Wesi gnators  shown in FI GURES 6 - except

TR, D oSGy S BRB0P AP0 08 e e it

| ORYgedes lahifel Bty @Ry B Ef‘ovvw |H<2\ilcé|ver (Iﬂn@ﬂﬁﬁlaﬁbnﬁaﬂgﬁredlso within

wal | 216" is shorter than wall

cotleisgopeaet e imfeniign, and a length of wall 218 (FIGURE 8) could be dispensed
with (as shown at 218' in FIGURE 13). The dispensed part of wall 218 is shown with
dotted lines and any other shape or size of wall 218 can be dispensed with so long as
dispensed wall 218’ is larger than orifice 220°, and so long as the dispensed wall 218°

encompasses the location orifice 220 would be if orifice 220 were present.



218' has been nodified fromwall 218. Oifice 220 has

been replaced by two orifices 220' and 220". [0054]
wabmw4/040223 ce has been shown as one or nore ci rel/E$2003/034343

orifices, since circular orifices are relatively easy

to provi de. However, non-circulﬁf orifices are al so

wthin the scope of the inventi'on, and a | ength of

mall éﬂ&I (FlI GURE 8) could be dlspensed with (as shown

at 99%] Tht imnepeeceaf)the vige apd losatieneef qxaﬁqe 230 haafothep advantages as

IS wdpvey %t&l%gﬁgfeﬁﬁgg k%?%o%}%ggtg ee?xhcﬁgcrlggd The problems

size of wal I spens

di S'ﬂlﬁ'nﬁwdmmlahd 2ddation f ltieer greficet foathe CUUts‘ldldl fubd2hay B hagnified for
218" enconpasses the

| od’é&‘i‘j1 g‘ﬁas %2?%%{155@1 ?ﬁﬂmgﬁsl? yptegysi qomthinezy gs wplained below.  For
pr %&Sﬂﬁble Yipu%)%és%@%%{é R Mc'?%.ﬁ&) %{19&4&%3 s ]a?e %&RSdS%)Ebed in one

The i nportance’of the size and |ocation 0
hadeadeneands doclantaflmss o tlwehdadeﬁmafarmlannioyzlsl mgdlgh a first set of

a keel ol.er .s terrs aeb escr.i bed. The
P e riEom RS T A SRR SFooBaBtE i Beaatsbend ghen back
t thl@UQﬁh@@cdnUké@ﬁoﬂBMesbﬁ ATBER ﬁrhﬁ%ef o£nd fgﬂgllg'o‘ﬁ Froll4HE header via

systens and for multiple systens conb
ex@n@luﬂéfdldaélleoMorEdlan tmemﬁﬂeearemﬂsotpmmblass syst ens,

d | e bot h d
o S D RRSE 03§ St SRES B o
nozweﬂtloﬁwm aKEélrc%le%@bo Bbs tw?&§ of 8 th@g\I/ 'uEb%E 302, 304, a

header into the second header (wth no nozz
t h&gadsadR6 ang ra@uljmoat@slwdmﬁoéietHcﬁfdet 30@hassn mld:towazle 310 and an

S O, D Hi b RS LS s e
[ 06cdE]3 1BedfeticatlerB 60 FheBREShehderadU8 HaR. ncPnd2oRs plﬁﬁsrathglelllas one or

cool er 300 accordi ng to the invention is shown.
c o sve studdwltrasserabliss 3¢ 8 5328 for eenngeting thewotticnes tB@Reel cooler which

I+n30 n osi t er 308. ader )
ol Bes MR8 0 FERMBORERRNE THRIEL ey, o ensine o
V\hlget’ﬁ:rﬁbt efhtie tvBsseLglers no2sk 810 &lchowtrbSHRioWs e, ahtht Sooled coolant
| ocated on roof 316 of header 306. The ot her header

30EIWAS 9 &%ﬁ%ﬂ%@omﬂwdqra’ioﬁ éhronal's outhes nozzle 3@ shownl by the arrow
DRD: | OaRe oo id arficd Blice RRESR 39 GBRBR! 1 R0 in tha

of otlﬁeesmme;bondﬂffgetofwiﬁce (o]¢])] aﬂréctﬁ E:&ﬂhﬁthﬁtoetﬁgé BE2 8id from tube 324.
geperat.ar of the vessel enters nozzle 310 as shown b

ar PbAf@tion, 7y tybge3200%Irees asc Feparator; wbe fors delivering lelngcg‘éant from
1 pEaqBe @@@E l?fpa%ef: §] g épllljats :f; yaili ez(kgtks%%g\m q’%ﬁf‘gg@g &Solant for

arrow D. ter tu € ou

ZO&piaratcﬁfl thJREEBS Unded hagidpréﬁutenfrcbxhaitparmﬂ Hea@8@306 as dlscussed below.
into tube

f{:@f)ndl n f}% % Lce 220 directs cool ant

¥ PolPE té ViBigh 1s the eyt Separaton tekmor xapyingr eredant from

AShdeCPR, alsBhad MPGrAQIIMSh huffel 56 | ! et coolant from

header 306 to eader11 8, dﬁe ﬁéas an orifice (not

shi¥faY] Farspaec hmnglscmmssfmbly oonsiderations, sometimes (as noted above)
it is necessary to remove the inner wall or a section of the inner tube instead of one or
the other of the orifices. Other times, a separator plate is used and the standard angle
interior tubes are used instead of separator tubes.
[0058] Keel cooler 300 has one set of coolant flow tubes 302 for carrying hot coolant

from header 306 to header 308, where the direction of coolant flow is turned 180° by



separator tube 326 under high pressure froma part of
header 306 as discussed below. Simlarly, a tube 327

wokiosh4i283 t he return separator tube for carryi PQI/US2003/034343

cool ant from header 308, also has an orifice 328 in

header 306. [0057] For space Ii§1tat|ons or assenbly

consi derations, sonetines (as noted above) it is

necess to rennve t he i nner or. a sectlon of
e

i nbrddler fife andhde cqalapt endsia agreondsgt RfitHess 39f fppsturning "B partally
oréJdl&F énaqt &K fo HEaGer 065 CRRISA! Rflark LA4& Hi P&@er@ﬂgws through
he stan ang I nterior tu es are use nst ead
s e'qnbesai(b?r frombeeader] 30658 |hekdar| 308 paidethe 304lahtathen nsurne throfigh tubes
nt fl m1tubes 302 for yi ng hot. cool ant. from
oS g ebi S aroug o velfn & o e fbing Bf e et s3bce of the
c OOés@él.t WAIRW34 Snd 956 BRo*BOn PYGYREABHAf RBELPR and 327 in header 306
PCT/ US2003/ 034343 18 header 308, and the cool ant
enarerselid, anslcant dls separafbrs t@b@@vcmzther orixingtof rth¢ hgt ccméant going into

partiall ader

Cotstelt YomefiP, 50 BB pd®F Kot HRGRE O ks B8, There is a
f r pRAheaeen BRI tﬁ@l%besalﬁ(botH@re%ﬁ@ﬂlsﬂ Buch Bﬁlblent systems
returns through tubes 04, and subsequently throu

nomeénengnabbe torke readiiasd UBderdhe BrOMRSh SN thecrressare Clgrép across all
vess 013 ﬁg\anllelms %3\%103@%1 ghgtf’(%ggﬁlzoggggré@ug? éleé) Qée he %rlor keel

Se&ﬁﬂ@ﬁ abs iheffipiefty daé td hwomcsbhgt distrdibugiohab beo@benated without a
going into coolant flow tubes 302, and the cool ed
cowbamuahaémtwgalfs‘a&w fasters Bog is, Therder fashaye twgj pass systems, prior
un r

AP Pl oL NN, B bR A0k 20 v

t othose fuqaited @drsudﬁd&b theh @repént Ghventibn ts Ipmmdet kufﬁplle&tslsealt exchange
drop _across all six (or as rmniléas wou/ d

¢ estirfages ©aliempve diesteduirekigmennt of deat frmdhe ?f@?ﬁav Wyilejagiempting to
colqll % % aBl%f;{)és%hr%er%éue to poor cool ant

di s e operated without a substanti al
adﬂ]O’Sf)pAal axgm‘dewwlf}ﬁ&t or alsd hppovided in thisrederodinsertafor purposes of

hadiregne o Pascotarmbing dhd dorhperi, S (Eon 68 tobfagd fowenoes 302
t hﬂﬁglge sult 8¢l 19%§%@§twﬁlﬁntﬂé§d&§ %@Sn&nd' M RN sdrfe manner as

prov |C|ent exchange surfaces to renove

t héescrbpd inethle previous eofbotimant.f Hoader 366 cooteatangwlar header having an

attenpt | intain acc tale res ure dr

FoEae AT Aokt g B ALY SRR TER 1 B ioh g S exterior tubes
:ggj for purposes of dlrectlngtheflowof

a ent fluid fromnozzle 310 or 312 towards fl ow

t UES0RTRe kedngodat syatem 3BBvi $n FHCRRES Mtdnﬂnlfhéaﬁ& Bow tubes.

30 and 308 in the same na gr as desgtrlbedln e er of tub
WEYRE 39; PASH SYSI§IR 4 § @PpLopHate Jot Q%SY%{} number of tubes,

g%@élall Ydrrﬂﬂos@rébo@é Wovabés. Srredt Qfe@éiﬂlﬂeeﬂcoolers having as many

tanttally right angle to the outer wall

exhseM oubes ubgsit i3p@sstoal a@@4ding to the present 1nvent10n for the number of
tubes to be increased even further. These can also be keel coolers with more than two
passes. If the number of passes is even, both nozzles are located in the same header.
If the number of passes is an odd number, there is one nozzle located in each header.
[0061] Another aspect of the present invention is shown in FIGURE 16, which shows
a multiple systems combined keel cooler which has heretofore not been practically

possible with one-piece keel coolers. Multiple systems combined can be used for



[ 0060] The keel cooler system shown in FI GURES 14 and
15 has 8 flow tubes. However, the two pass system

wowauka4tes appropriate for any even nunber of tPROEES2003/034343

especially for those above two tubes. There are
presently keel coolers having ag many  as 24 tubes,
but it is possible according to“the present invention

Pe nunber of . tubes toéch i ncreased even further.

TheC§8 1R& V98 e h@éteﬁoues%féi 3% ®¥9 relaticiyhsmall gmgines or an after
aASHeR o)

D aoper ahd o B bR EPELingle AR ORIy il em B AOHO RS FIGURE

pasl;(?esélowg tep k@dldcmtmbest@ms hhcne cbslddreeadditivhh Boded e tvadi, depending

in der 061 r ect of the resent
R A I S—
Mulbeif@ BoRWTh AR tRAMALNESLIK 8le HeBRibihe gﬁétc &hpﬁ% IGURE 16 shows a

her et of ore not been praactically possi
onénytiplgesyrigars keebrealer. 400 Kdepiceolsy 40@iss a aebbfbdatamnducting or

cosPEg: 0 iR pd 04022%&%2’47%0% e Whigh have oriice at their

r elrespbatbleyinferawhll£Rfichese %[mﬂ’eﬁ ﬁfs‘iz%r andcgc% fn ®Mlo& shown in the
gear box in a S|ngle vessel . Alt hough odlne

shmquﬁ lyresorbed embedimestst Qﬁ)thkeeven@oml d?orstyvst sngle pass multiple

@&s@erﬁ? U{)Iﬂbﬁgd,alge%i tcl)(lﬂnlahO(? HES ch\:lﬁ ﬁ)gécﬁ g@ﬂ c? %10 having inlet

sl tua & ned B

| nmetﬁle@hlZ@Mﬂ@MpmlvEllyphxﬁi @\)tl?et ﬁ&'zlésotl4b$18f REpddRv & Both nozzles
efficient, than theg coul d have been in the past. %’

FI &8 r8spacsive hsadern408rand # 1) eowg deanrersedevitls oespeat t4®lﬁh dlrectlon of

o, A0y 51 B8 e AR Bl ot o

whreshedtive cheaders. I'Ehesdlﬁdctlb]lﬂ ef fthe é@%@(ﬂowméu@ﬁqm WB441&s are shown
which are S{)/mlar in size and position to those shown

i nTSREFUIVEERY BlIewy Fuds &7 iapddi e b set afctubes 20 foreconducting coolant

Ao B 411308 18 0, ) A 208 S i

aneepdfdfor tubw P2, dnd ®bet ofanbdset244ddendikObdtReRLadING! M4 and 416,
and outl et no%lzl es 414, 418 respectively. Both nozzles

| n°UBEFRARE Ve dple WSeand-farmaingtingovwith Senarateniabe d26. The walls
W Bf"tu'b@ss@?fhl& @24 Wﬁwﬂ'a&ﬁ g&]hgﬂﬁﬂé & each!d g]‘ﬂ‘b r'afe EJI(;%'%&’ xt20¢ between

could be an i nlet an coul e an
nothelead faails Df]beadezsﬂﬂﬁ ahd ¢&0.hEhaie malls THue fetint §GtenOsepafators, which

the o0 flo rou h the nozzles are shown
r eBi5¥e t@ee&lywb %9;0 a&t,\g 1pss fheseyv spy thag tgféfubssp 429 ber|n, in effect,

426he Kde]l 6OR1EIGHA Ribe§ 204 % iPefugen &Sﬂ& KES Bk ?{]ﬁng with their

418 conmmence with outer e 404 an termnate
seysapestive headees)4 2B eelagodblen 408t hasf axtgidalesloéhﬂ%r&b(p@mdnmgzx 430 as
ncing with outer

between nozzl es_41 4186,

D ST R Rr THS et 1 i son) e Gam AR ebomice) tharmbaving two
vva§ 4
ks Y B B SR B, e
hefééllé faur 4 0@ulapld kedlGoolehesa beaohbinddis vadoum coydieations. There can

rators revent .t he cool ant across

SO, e oggp%ngyst?rH%as( thexa 12%8(\9@%%%6 in effect,
[0062] An angled wall 434 is also provided in this embodiment for purposes of
directing the flow of ambient fluid from nozzle 412 or 416 towards flow tubes 402.
Angled wall 434 is encased both within header 408 and header 410 in the same

manner as described in the previous embodiments. Header 408 is a rectangular header



one keel cooler, and tubes 424 form in effect, a

second keel cooler (along with their respective
wheadone3 Keel cool er 400 has angl ed cl osed ePdr/US2003/034343

portions 428, 430 as discussed earlier. This type of

keel cooler can be nore econoq%pal than having two

separate keel coolers, since there is a saV|ngs by

only. requiring two heade her. .than fou

Mhaving| @ R Walloh Zepdjoiag aha LBy Spt vkl dgahe outer wall of
c ass
R P e S R L e

430063 Hieso ca by iotle dr inmore hlrrgleepdssdyms ahdong wr pegesiouble pass

f di t the fl f. |
LTI RN S D P S
Sgﬁ_@?@éﬂi RALLY str%'l@ J&@%@arcoﬁﬁﬁ pBRfbnBIeRd ﬂjdgubl@ p‘agkekeel cooler

manner as escrib t he previ ous enmbodi nent s.
Hemotgon 408 ikeeeh coalet amgmh élOZEfGa@mnswtmmh%mh@Qz&th reference to

P 34343 20 h di o
"TNGERSBLI A o PR S PO R L P et
exbeFIGUREYDSS atD4 6 aNFIADE Hegtdrvs 4 Hduble ﬁdsmsyﬁémyfor one heat

constructed. [0063] There can be one or nore single
a@@hgggst earel adddtiamak dowblenpass @b@mmSecq;&@be agjed esravelln As stated
In Fl

ceupr g dht S8R RO dueleryBnding B Al 34 R dpposes of

cofilRfinP el f16R 0P Abichit durl HomHRzREIS thRalds @cz,@t 6f flow tubes 506.
portion 504. Keel cooler portion 502 functions as that

deénglﬁfb salldi3dHs eedasedeyithinthsader 4@ thesame mapngr asedgscribed in the

cool er n .S
SR nEEnb e AR SO £ ABRBRE! AR b w52
dojdpbiedPass sebstdneialf ﬁgh@dj@ldﬁﬁaﬂm ot hailigsrthe ar@rior tubes 502 and
addi ti onal doubl e pass systens could be added as wel |l .

ASSO;.“t &@dystgmpndud@weswltsﬁdwrw etsa bkapngled walbi4.
LRI/ RESLE YR R4, LA BSE et et

Seﬁorﬁf)nsf 602y 804b&hidDBan bARdPneicalval have Jfferenecapasidds. They each
within header 408 in the same manner._as desc

e dsrienb g ront Fespgader IGHB RS Sarbiba %@wpaxe coolers
A9 dj..o
LR AR o A s ol
eXﬂh@ﬂﬂfmﬁtldm bEShéS Specidd cheprtbr/tubeedesignt muprov&sl ]n&daﬂastraasfer and flow
second header 509 with a |ike angled wall

534.. g
F1 ESREuten VT BN PEBHI G AOBOIRRDF ndn 30150 et booler 600
pagiﬁ?lggsg %m hc? (Nall Itk s ex@iggchm@gflfor?ﬂfﬁbﬁescmlggtmg the flow of

i den ave fferent capacitie ey each
f usibieainflwid fdmsambmdd 64D cowenrdd 4 betrof Sloectubeso6(F GURESI #4ll 634 is

and 16. Ml ti pl | onbi ned
Festcad NI e SOF B %sn@'n%eg@'aﬁ?sz B0 dn thpcprevious

m&hﬂd&ﬁ%ﬁt@ n I-féfadet,rl'@mq? 8¢d fgﬁﬁp BERIPhAVIMPS SRBWAIN 632 adjoined at

i nproves heat transfer and flow distribution whi

m msutisentiglhprigigsngle to theputarvedlrofexterior tibeld 6G20amd 6l@éel

Co[oologg] "laurcr)nng now to FIGURE 19, an additional embodiment of the keel cooler of
the present invention is described and shown in a keel cooler 800. Keel cooler 800
comprises a plurality of coolant flow tubes 802 (or heat transfer fluid flow tubes) and
at least one header 804. Flow tubes 802 comprise a plurality of interior flow tubes 806
and outermost or exterior flow tubes 808. Each exterior tube 808 is defined by an

outer wall 830 and an inner wall 818. A nozzle 827 having a nipple 831 and a



enpl oys an angled wall 634 in this enbodi nent for
pur poses of directing the flow of anbient fluid from

w@20venai2es 612 towards a set of flow tubes 604. PENUS®O3/034343

wall 634 is encased within a header 608 in the sane
manner as described in the preyjous enbodinents.
Header 608 is a rectangul ar header havi ng an end wal |

O BT S L DL BTG 3 I e
TUH&HSYQS@OV‘HM&:F B6REIHEs alipsd Gua‘ll' aNdbf @R’p‘acﬂd{@ BiveRér or baffle

the keel cooler of the present invention i's described
an&llQShdmttonnwall Béeland enleed vRUB14Kdald walbBé4 iS@Grched to outer wall

e f c ant t ubes
st pnifabty ! Yoo BRLRHg AR DR HirRutarorsquare
hegﬁgéd 804. Fl ow tubes 802 corrprl se a plurality of
interior flow tubes 806 and outernost or exterior

f 1 0R6eked @okr 808 dsoeinelifdeon praste wsomnbly &ds whish ipghe same as

h a\lllflﬁgesglrﬂ%e\ﬁaiqovg 8%1062% %a?eﬁl%g% 6%’?%;218%%@ abdo\‘/en REAlE cﬁ%‘n ed from

PGhé YH30 R30S 434l lodited frsabdadiallp tietiberlo82idn a)md(eélhxi-aoler 800 as
sane_as those described earlier and are attached t

heladle pgon arthagisrundementh hepdss S04 01 kspleroolen 500 rAl?(b6$ explained
81 ove lﬁée?\é’ogl}enly ?(% 1 fes Qzﬂifr{ b%luﬁi@ (thG{?fai%E?]e N Anoﬁc]:%ssembly

an end wa nd wa s a to out er
Wa$22 in8Bidesh sae]saﬂode ahtg(AI8RY whichhits canggceedsto antaabde insert 825, the
header .804

AT TR AT T
assPRId¥ HaRB48 mGURE 80 2%1&@%0%&1}1 Rade §€56¢ bPRAGminum, and is

above. Anode assenbly as expl ai'ned above, has not
chseogeed t6 therundengde of beadar 804abyl af ksasitdnkelanpde powtingrscrew(s) 842

ORI Ry ahgrcorginang Goatal KR mERRER 0
kegﬂ%‘?}jpllow dRRfer ﬂﬁ@orﬁﬁrl@%m fAtsnafple@Rieor aRl 8¢PAh&ra second
i ncl udes a drain gtg h44 (FI GURE 20) and anode
¥

asagidsl side 8pparich8 | Lidweth isklexignd dQprargibs 9t BpEdeipneined angle

SRR S ) BB A oo
82&01{5}{5& Bihe &%Hﬁ@&l l%rba@ﬁ Q48 tﬂ@ranﬁlfgss (tﬁn%@rc%@)hat same plane

I S nor y made of zinc or al um num and
seur gind 840 hdidinetels sit de pinehetiteton80All 18} 7 Aif ‘hexass adrottom wall

d GURE, 2 )
cof |G oREHG1% oI SR AGH L iy 8 s prealiRpo 385 fovf berigontal walls of
Slaﬁl\g gg(ygratnﬁ t BrlReat BV Peiig ﬁpfdrilﬁﬂl 02BRHagd tﬁlbésk'?is()gr To tﬁls effect,

a second ang ed de or pane
of spifx 840 mutmmﬁadd\lﬁ\aad 81 jytoctte aag}std@demdlmtn étjeqlrf@lhdeﬂow towards

T TN T
Pefip& ‘i’l’ufdjhéﬁl ihRalddctowsdds! inRidr 866 thBEB06han dffin Efugf(hot shown)

that sanme plane is a spine 840 which ends at th
pl ewelddfe looated mthealbetvaen flow diverereS li2sand tb@p@@ﬁwﬁiw tubes 806 or

alternatively through flow diverter 812.

[0068] To reiterate, if header receives hot coolant, coolant fluid flows downwardly
from a heat source (not shown) through nozzle 827 and into header 804 to be cooled
by heat transfer with ambient fluid via flow tubes 802. Exterior tubes 808 have

greatest potential for heat transfer due to the absence of competing proximate flow



817; otherw se spine 840 would end at a plane parall el

to the |l ower horizontal walls of tubes 806) and at or
wzmn/0ihes openi ng of plurality of parallel tubssr/89@03/034343

To this effect, spine 840 causes sides 813 and 815 to

be angl ed outwardly to direct uid fl ow towards

exterior tubes 818 as well as |nvvardly (since they

have an incline gl e as to rect. uid f

MBS A1 9t Sl S AERFLA T Ry anBetEd tavear gior flow
( NQbesSERMile Hﬁg{tﬁnﬂ B subFRdR dlo® Iohﬁferlgﬂd’tﬁ? ‘806 |tﬁ¥¥eby affecting a
di verter 812 and the ports to fl ow tubes 80

al greateraliday ghysferrafbcighcyf ﬂndwekjwnéert??@ﬂ bamowpmaa@]:qup@ fluid flow to

€ s B & GREERA R rich A8 b RO v direer 912
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by ‘heat transfer with anbrent fluid via f1 ow t ubes

8ouakix tdastiibited (huouglsns keal soolgr 880.cand Herefprei morg gfficient heat

heat anster e ence of conpeting
r%%s;f:%l’s a“?‘ 369 5%1‘%"86%1&348@3 PCT/ US2003/ 034343 22
p
t U@)@ﬁ@]nlt Qhsuls be @ppﬁb@t&ddhwteﬂdve divBiter &lar mSalsloObdiemﬁloyed within a
fluid flow towards exterior flow tubes 808 wh

mekael sealerhyvingra headenangledin e dirseensalelipeh by ﬂseo%mtour of panels
th f. f ey

S LA P LR e LAl 06 i 2
eXWchh his theReme 80Reri€d] diesignatiods aeFige2D,ibat acking ¢hred lower portion of
flow tubes 808 by flow diverter, 81

by. f
or back adl Bido, Inspos r‘r‘ﬁﬁtWﬁ% H1S gFetprefjo i Pec wal) 814 for reasons of
Co&{oﬁgﬁl fa'nH'nSodg%fngﬁ@e H‘%Hfé/r dA §&&) &%I&%a%ﬂ@%%@léﬁ header is
kee S1%er e

and t erefore nore efficient
trdms:ﬁlﬁd irs tl&clpatenedbeing kaed baed em BOD. APQE&Q})HINO 09/427,166

pelLeRpInoy b S BEretTsapEheAiit: (i e eRfEpfl e beveled
anﬂéﬁggr bé}vés"% girécﬁcﬂﬁlgrﬁovd%tbnlﬁg iBribN Bo®ORbed in @f more efficient
panel's 813 and 815, rather than a rectangul ar header

asmdmmtr Hoeaver adevclediBeasihomay inat 3@ ingtancegypfayidenuid flow to the
uner i cal nations_as

| aokry BRE Poter 0GR PO BrmenaghoflsmaRymelt of g fow diverer.

| NPHhABGSRS employify e dlow dieetdravigiTite Hadeléd Whtwo (B thorQlas described
reasons of econony and nore effective heat transfer.

A kelew) disestiens h%wlﬁhg)véd brvidedn sprg dstances the st eiisient fuid flow

0 B3 S FALFS 57 g BRI il o o

appédt Gahdfan, the keel cooler with the bevel ed header
serves to direct fluid flowinto the interior fl

t ul¥30] Bhe, agpansagss faf gramleyingdhre diverigindl & as pélrtbg((;gpaélar 804 are
gerg%r)xf e%d NREIGHRH I192{ n%sés?\?@ﬁ Pcfo%ﬂt ?ﬁ-\l(i btk ctd OM8 irBwardly (or

rror ‘tubes in as ci ent a manner as

4>\darﬁ[§79| QY edemohstatdd o diowentrew. L. TiGokhar w,hen ﬂowmg in a
oyi ng the flow di verter with &he bevel din

( ofio\%‘fv@f lydiregtionstmisq flopedineryer il 2 ad }Sdﬁge &’&&C}S 0(?891?1@ sides of
Plr gévl\a}dgxe ghdirS BTRiLe0 LR 0F Etelilten IR Shbes fHoB CALREI fak YoiShvardly towards

tubes 806. Due to flow diverter 812 being angled in the direction of flow tubes 802
and in the direction of exterior tubes 808, ambient fluid is simultaneously and evenly
directed towards both sets of tubes, as it shown by the additional flow lines.

[0071] In addition to the flow diverter described above, a variety of other alternative

designs of flow diverters could be employed in the header of the present invention.



to both the interior and exterior flow tubes and could
provi de an i nproved anount of heat transfer. [0070]

wa bm4madeant ages of enpl oying flow di verter 812P@EUSANI/034343

of header 804 are denonstrated in FI GURE 19a. As
shown, coolant fluid is directeg downwardly (or
upvvardl y) as is denonstrated via flow arrow L.

S t r | 1{1\/\'2)\}\9%&19 8?"{}&%@? éi?vgﬁtar Is t‘(’)\%al%éte? %ﬁ% Igl%r\]v towards both the
Oppﬁfdri”oe fowdedeObnd BRABRITIBIdW fibkle THERREL | 9 @h&ﬁd i1d be appreciated

exterior fl owtubes 808, as well as forwardly't
t utshas agitesv diygeter bavingdifigrane pm@pulalldesi&ls can assghmm e employed as
th [ 0 and in the direction
of 1284 &L LB cft ‘o‘g""%ﬁcﬂ%‘? FYCEIQR isackiPtist  Yerbvts Sftpr designs
andoﬁm lated diyr 8@t prbséRWaAKERiIROWI] SRiv Hef t
% EE;Z t hed)gddl t|?0r51al fl ovv1 lines. [0071 dé#ﬁsiddéﬁsthé following
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ot har t S fl ow di ers cau be
errgﬁot)?g Oﬁ(ﬁ%ﬂt@hgl\( eraeg,;h%ts Ahat %rgspeor?fl%fee bvétn?reoﬁm St a set of

2064410p1e2 28d melbﬁﬂmmﬁa@aeat&n &80 bBenipidyRd ONIBRIWME each of the
of\ﬂghe flo divzrtgr is to facilitate cool ant fl ow
t oRUFTHENYuEas1e0p Lo ths flawi Gyertarpagceidirgstodhel prasentiimeatipoare shown

[, Pla\dibiatng DR BB for tﬁé £ %&r en%pgaglrﬁl cu"}?ﬁérathem aﬁg aetmployed n

a flow di verter havi ng
caheaﬁ@seﬁakmlbgolbxe enpl oyed as long as the desired

version i s achi eved. Vari ous
ot A2 S brBREn SR o, FlOUREL I GER piemasivg cetbermani o bbeifom diverter of
Wi ke pRMcfeindafion kesgh n
homgvgr it 1é,lhoul d al sod%hehggggggegﬂgdgst {H%AFEEQ%’O Flow diverter
de§q>rgnrsse@@nmp@x @ﬁ%dmpa%@nnaubd tchthe mné svabll &f the headealnot8hown) if
ut, are SI just a set of

h t bl
ex arrp es a?&thgléﬁﬁ %ﬁlﬁfr gq(flérth%\f:?% & a%/. fig3t ygneH04 having a first
eMpiRyHES. anl¥har LEMRY odg8 908 eﬁtfendsrtﬁ)wrﬁ!/atr&ia R4 'oi{ﬁ;vag&?'fﬂ)'?r? apex 902 at

for the flow diverters according to t present
i n% 8rdesmined agglewnclined t(aNaS‘dsaattthglcalfbwetuﬂ)e (motfshowhheEdges 906

hegrgie%S ?ép[loggﬁ allgg&ugfal%ﬁf{rcf%?e?? OPS‘IV%gHgW ed 9,(;)5 djy@gnanner so

2 1thagthedbivernigt ipweiod riTqAineey4 @fwﬁi&ethfiﬁ 23 ?p%ﬁﬁ&s@ 'poftfon at apex
th resent |nvent|on is shown and referre as

nu -afd sgsend prpeh Yilvkaving 2 fusingsige M2 and aapeoonéaﬁge @éﬂ extends
head t
| f @ﬁgﬁftaﬁg &O%W?lﬁngo%ﬂ@eéoéo fi)e Jélg{ist \?vgréis etﬂta orifice of a

re 1s one erw s

wasecondlexteriatfloqpatubl (RA4hbaw) dig)oaecf d)}f}ﬁ)blte £268&hd Mordhhtidned first
second edge 908 )e( tends downwardly and outwardly from

ey Aloyy tubg he SRR ARpNARIREPINSE PO%ed’ami Ockef erse may
exé)&éﬂdofroxfnl éﬁé& t%?edtQ Lan® Y0 as EQ%T’@O? and ﬁ%&g at'a greater

not par al but r a er exten war dl y
90221gl€'noraa smaihe angex Atthiad phitet 9l 6 eeteidifg bét%ém @d’geOEfO8 and edge 914
pan 904 I S vg ?r t han t Be gpper nosf portjion at apex
ex en s downwardly from apex 90 1s perpendicular with the floor of the header
(now shown), (or with the plane of the lower horizontal walls of tubes 806).
Alternatively, flat wall 916 can be angled towards interior flow tubes (not shown) at
any desired angle, but ensuring that coolant flow is maintained into and through
interior flow tubes (not shown). Third panel 916 directs flow either from an inlet
nozzle (not shown) to the inlet ports of flow tubes (not shown) or from flow tubes (not

shown) towards an outlet nozzle.



902. A second panel 910 having a first edge 912 and a
second edge 914 extends outwardly and downwardly from
wapmx/ 09223 but inclined towards the orifice of PEI/US2003/034343

second exterior flow tube (not shown) disposed
opposite fromthe aforenentiongd first exterior flow
tube and in the sane manner as panel 904. Panel 910 of

o7 TR 2 Mty Sy S erfodp Slafig o i iRer of the
(';?rleée%f iR, V\/ﬁléhrik Fderbd8las AdMcRX 1 60Ul MEWRINSREN000 comprises
edge 908 and édge 914 extends downwardly from apex

90@ aned 1092 pretigleisctionnéctad i the badkewall dant sowihef theherder. In this

horahnar oeert 0057 Pubeforuf st MifRSRIEGl borizppigly slong the

wedrld Walb Bﬁﬂoﬁ@n@ﬁﬁk@ﬁk ib gilﬂférﬁé&i that f6w @[vef'tblol/@()l)l«tbﬁﬁs the end wall.
(not shown) any. desi r ed angl e, but ensurlng th

colél ﬁm PR 084 SV iea bd FaE 1806 and purgeond; pdasy 7008 extends
el ch %813/ LRP 'i)ut%\%}? )frord rE}peQ( e ez;t 2 chr)ls({i%%.rﬁ e(%ﬁl‘?o&‘ghq\f\’can vary),

man In nozz shown

Oﬁlééetaﬁmﬁéd)mﬁgwbﬁﬁnc{dl@tvaﬁi’sahmﬁmﬁdfe o1t amnaxtdriow flowhi@se (not shown).
(not shown) towards an outlet nozzle. WO 20%4/040223
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second panel 1010 having a first edge 1012 and

setbwongh ingger flowuksst @pigghonmwa hitd paneld 046 wets (ﬁlqoy/ either from a
I ngcgg Fep@f)t éwav\m b%% é%ggﬁggg)g glggrlettﬁg&fd(rno?ﬁl[to% Y Bf frbn MY w tubes (not

afgﬁﬁﬁﬁﬂkMQﬁﬁdwﬁbﬁﬂé exterior flow tube and in the
same _manner as panel 1004, Panel 1010 of

extO97d] ¥ eanodise smbodimest ofithe flewdivericy peco nw@rf p@e%m invention
OF ! t 9b0@ ifi "Bl URE 23, In thi
nlgl gehd%}/taﬁl r%%grgﬁe oafgliezﬂe}it en@ﬂlgé et vveeln edge 1008 s
an¢mbstiment] Albdy dixtaerd2000ocomypises ynfapmﬂmibthatlﬁ)so%cmd to the end
is connected with the floor of th header (no
ShTOC oY), HRels Hovgen.o! difeboodliideaier AU glee 2004 and a
1 owohd %ﬁge 0006 are also connected to the back wall of the header and extend
outwardly therefrom at an advantageous distance. Edges 2004 and 2006 are connected
by a concave wall 2008 (bowed away from the interior flow tubes), which extends
from apex 2002 to the floor of the header (not shown) (or to a plane parallel with the
lower horizontal walls of tubes), or it could comprise the floor. Concave wall 2008 is

curved such that it is able to facilitate the flow of coolant towards both exterior flow



shown) at the desired angle required so that cool ant
flowis maintained into and through interior flow
WO aiwed42edt shown). Third panel 1016 directs fPOWUIS2003/034343

either froma nozzle (not shown) to the inlet ports

of flow tubes (not shown) or fyomflow tubes (not

shown) towards the nozzle. [0074] Yet another

enbodi ment of the flow diverter according . to the

prtéb"énfnoit henn) and intgreh RN WRes (uatethewn) iy ag@rbéﬁaailqlv uniform
QMgPral 2000 in FIGURE 23. In this enbodi nent,

fI ow di verter 2000 conprises an apex 2002 that is

s e[@OViﬂdT droirgh® ve todF IGIERE 2€f,rubtll whenwther errﬁbcxdllmentS)f the flow diverter

pr ovi of the keel cool.er, heade St e 20 .

b reardRigLicoihe g Bt R S sopEh BBl toREHEe L. In this
vwalthbfimEie fldeAgiE&Mh00 XdofipisesOitt WHEAB002t thatf B deetifedtto the end
an advant ageous di st ance. s 2004 and 2006 are
cowmlééMCécBhOW) af ooncaists, Q&theglmbeoqlﬁoh@deraméyﬁm edget H¥4 and a

|nter| fl tub e ends ,f x,2002 10

t HEC ?rr o’ﬁ@% acd)élPeC(t?]‘P &O%E %Q/qz\)val 8{ t‘ﬁ?ﬁggzgaee Oa{ e?se t}tme edges of
pathaleh@wall, ihdivbeer 300068 tHeosridzwill edndvédtdrisl @ftwmtz,em_):refrom at an
or it could conprise the floor. Concave wall 2008 is

cuadverfagesss disiancei tEdgss am"eand&@%cm.@a@f@tqdh@y # [cgpyeyf wall 3008

SR RS O RO RO B0 o e roror

f | e Hetidx@S(noD Showm)oWpnvex @all LBOSS a@tduﬁleﬂysuumlthalrmalso is able to
manner 0075] Turni n now to Fl GJRE_ 24, still }/let . .
RbFRoLaH Tawiads besiyeuionier fley tubes £pata pipynk gnd interior

t ed to at

nL‘l‘fn%‘Pifo%SS% SR bR R BAEEP) of Der 3000

C O[if07 6 j[SRefe fringagusx td%EIﬂJRE@IS aotlse clasienl of @ flowedigaer contemplated

wal | (not shown), e exi st f the kee I er .

o Peept ers‘ienté%fgbs Sovn g eleredee o au@afg'lL 44h6 oy perspective
hﬁﬂgéﬁ‘eg NEeiises 95 Lhss %% %la'lteﬂlfan{fé"@estﬁ@qgf the QTovﬂiﬁ/@rter in the

es of the end wal it diverter 30 S
ena:bn\mdt b¥ a &ed ceal@ekmﬁdemtlwalmsl instanhe kofw dlm:mr 4Qﬂ0 is located in a keel

d d_ 30
ook, ol BeRoee Gaar 0808l A D03 Seurrgo foor 4004
| nge ﬁﬁfﬁoﬁdeﬁﬁbﬁall’ kﬁ?e‘%ﬁod WwWinetht @RASF lBW%&&@MO@@Q&nBﬁseS a first

the fl'oor of the header (not shown). Convex wall
| swallll r4\ﬂ@d mth seh@:td iwtall a4 B8 Wblczlibtﬁeftcb upveasillyi frameflpere 4004 at

SR AR e S5l Bl s SRR cap oo

SU&ﬁﬁRﬁ 5ga£ |f1‘x‘stliﬁhé10fm12 NaBaehd phid 40] 4 Red erthird@adWO1® (there are
anot her desi gn_of a flow diverter

covecepaielst 404 6, brye for eagly arafigstfor Hgehol exterios twisalanFlawliverter 4000
Lﬁ{sﬁs rtgglca@)( Mgefgl%ktlyggﬁ)gﬁ vJ: ﬁrtRQ A5 oqclﬁéo\frﬁn c olant so that flow

ternativ 1 gns

f odivedi® EdrowrfBétivelyt diveitncdollent ﬁmmttewardgftha dxe@iorcﬂnw atibes (not

header. In this instance, flow diverter 4000 is
| othemay and the atgrior flow tubes (not shown). Walls 4012, 2014 and 4016 are

angled downwardly and outwardly so that walls 4012 and 4014 direct coolant flow

towards orifices to the exterior flow tubes and wall 4016 directs coolant flow towards
the interior flow tubes. In addition, a support post 4018 can be employed inside flow
diverter 4000 and underneath cap 4010 so that support post extends from floor 4004 to
the underside of cap 4010 for providing support to cap 4010 during its exposure to the

downward force created by coolant flow.



cool er header 4002 having a floor 4004. Flow diverter

4000 is secured to floor 4004 by any conventi onal
worziohoe2known in the art. Flow diverter 4000 CEBIPUSBNEX034343

afirst wall 4006 and a second vvaII 4008 whi ch

extends upwardly from fl oor 40?@ substantial ly

right angles. Situated atop bo wal | s 4006 and 4008

is_ a 4010 conpr first panel 4012, a

paWé>|77]4J§'1r@%am3 F@U@gnﬁ %W FIVRRSTeisaFhowny o 18 1o at

PafiGh&arsibe. Ig s fxﬁfan@@%V\Q&'vfaﬂt&%ofan?hsésrheﬁltsmaﬁ %b6Z &R a second

tubes). Flow diverter 4 is strategically disposed
di wektt5094 iboith nf whichhextdnd wplvawllg;ffrqnn@d}ﬂonQO%of aktel sooler header

{ i 8 iSO HOE 1 G50 s o
t hgp\lviﬁi @kleQSioh b Wob S, (IH @thep %‘MS) ﬂo%ﬂzeﬁte{’f@@@ c#hPeAformed by

4016 are angl ed downwardly and outwardly so that
waplrshing k2 stamping®the widersise of @@pamOGSOGhﬂt ﬂqwxéﬁ%ls pushed upward

8{ ?rfg%tﬁ:@s% t\g ldév%?terfe 56@ t OES Jol ﬁ?oe Jir cogﬁ & f cﬁg urboezgl.e directly

war ei1n erlor

| ntoadlelirdterivt floav IBPPAIdithe Oﬁﬁce%%f&mtbrhﬁ ﬂemhbgsedr vice versa.
inside flow diverter 4000 and underneath cap 4010

t hERO78 bty FHGURECRT clemistss appiditional erokndiment gfhie flow diverter
4Og¢g%gdu,g§ﬁogfuh sé&mv&faf%{lg t}?(}eld sREHangr gg $@n&AP6000. In this

exposure ownwar orce
Cr gledrddive \enthodinsgit, ﬁld)\o\dﬂvebtﬂ RGAdwh 492 Xael cooler header 6002 having a

PCT/ US2003/ 034343 26 [0077] Turping now to FlI GURE, 26, .

2 ﬂp@rvéodweﬁtaerpoﬁ 60 i i nterich PO Qi on apfaITA trom which
S

e ?)g n %ﬁ@%\%ﬂ%@%@ﬁﬂd aedssgg%%\(wgl'l 8W8t qro(g‘éQﬂE%l'e ﬁ@\?/ ﬁlvert et can have

extlemzlmegmaexdl yorfstraoticn &4 fow &B@EDEr 400G (HEee 25k onﬂew leCI’ter 5000
he d 50 and neet at an 5010. this

165,267 I s 5 Gager BPWSTBONER Ceyersr GOUAISG il a first support

g(%%ﬂ“a &cohd Q%Opo?p&ﬁo | SupBbREBORAES60 10! é?(\ﬂérﬂ' MRfiRidly from

000 can be forne punching or stanping the
undmf $08@ andl chhuest dﬁﬁﬂbf wositi¢sad006| andré(m&O@spQ@tlmls hedo that flow

rd reating f rt 0 fi
0T G ence S SeGRaE ey R PpREEUTS and s010
| NEST Ehedt! 1Y firbtigstizendl hbmber 601138 LdecétiBhdtidoial flember 6014,
flow tubes, or vice versa. [0078] Lastly, FlIGURE 27

demspccswdm, wmhtm turalaresasuEdie mdesﬁOQGr@dde@& @PRastyaly. Because

accor n sent, i nyent | I
e 1 AR RAM OO WAV o ARG ey e
fl Qlﬂsﬂht@!@'b?'edodeﬂ I5ROWNAE Bodlaikedws Gtd SlcadieaDOL 66102 nozzle (not
havi ng a | oor 6018 and a roof 6016. Flow diverter

6osi@>vaﬁnp<rqlmsﬂczws aniexflapdiverter 6RPMMbere lte&ﬁmdan substantlally
first ,wall
| il SI5B e AEERBAa L 58S S AR i o
asufaeg)?odgwrt)er 4000 (FIG 25) or flow diverter 5000

his instance, however, flI ow di v

I
gommg] The keel| qogless descriped agqyﬁqupyv nqgalss forwans ?g‘ge% hgat transfer
fSlrJ@%%ltntOGOq]OQﬁ of R &%éltc%ofépB? dﬂ@cqm@(eﬂé)h@a)f &R FNE @@{eﬁj&l}ﬁ/ directly

into or out of the interior flow tubes and the orifices between the exterior flow tubes
and the header. However, there are other means for transferring fluid into or out of the
keel cooler besides the nozzles described above; for example, in flange mounted keel
coolers, there are one or more conduits such as pipes extending from the hull and from

the keel cooler having end flanges for connection together to establish a heat transfer



roof 6016 and connect directly to sides 6006 and 6008
respectively to so that flow diverter 6000 is

waeempendesl wit hi n header 6002. Alternatively, BUpPpSI0%034343

6009 and 6010 can connect to a first horizontal
menber 6013 and a second hori zgntal menber 6014,
respectively which in turn are secured to sides 6006

t I B I
et httoBR 5 oo STBL TS e Blnges. There my b
al SREnakhnéefor JoRBYCtRAEShe IKeblUsdol @8 thd o8kt gﬁ’m{lﬂlﬁhe%stem in the
As coolant flows 1 nto header 6002 froma nozzle (not
sheassgl, Thooinaetionl iswusdepandsnf bHthedypeeo @mnéO®D uwshé taejoin the keel

dj ver ted bstanti al | | ts t d
ot R i cebrbUFIGE VB6E (not shown) and the

| Nf0BBOPThd {rRehtidH RES beHOHese AR vith [ 2P llar TREré&RR! to the preferred
cool ers descri bed above show nozzles for transferring

heembadimerts dheredf] Bt iti shouldobe wadermodt Hat Kesiatiops ghé magljfications

i B 88 b e o e Gt TS RELEN o, LA o the art 10

or which @ife ineémpapetthidsexterior flow tubes and the
header. However, there are other neans for

transferring fluid into or out of the keel cooler
besi des the nozzl es descri bed above; for exanple, in
fl ange nmounted keel coolers, there are one or nore
conduits such as pipes extending fromthe hull and
from the keel cooler having end flanges for
connection together to establish a heat transfer WO
2004/ 040223 PCT/ US2003/ 034343 27 fluid flow path.
Normal |y a gasket is interposed between the flanges.
There may be other neans for connecting the kee
cooler to the coolant plunbing systemin the vessel.
This invention is independent of the type of
connection used to join the keel cooler to the

cool ant plunmbi ng system [0080] The invention has been
described with particular reference to the preferred
enmbodi nents thereof, but it should be understood that
variations and nodifications wthin the spirit and
scope of the invention may occur to those skilled in
the art to which the invention pertains. WO

2004/ 040223 PCT/ US2003/ 034343 28 Wiat is clainmed is:
1. A header for a heat exchanger, the heat exchanger
having a plurality of parallel tubes having generally
rectangul ar cross sections, the tubes including a pair
of outernpst tubes and at | east one inner tube

| ocat ed between the outernost tubes, said at |east
one inner tube having cool ant ports, said header
conpri si ng:



an upper wall having an end portion, opposing side

portions, an inner portion and an inlet/outlet
wop@aiomz2s or pernmitting the fl ow of cool ant beP@EER2005034343

inlet/outlet and said header; a bottomwall having an

end portion, opposing side portiéwm and an inner

portion; an end wall having an inner surface and an

out surface . i nterconnecting the end portions of

sai WIS and of said bottomwall, said end
wal | being pe b g4l | n [ .
ot t o viar 1+ afeei i adical Oxchadir ABP Sl R0 ap B hal ik ploraty of

i nrperalisbiubevhaving gamiaily vettangularwadss sevtidns ahetubpprcluding a pair of

wal | nd . ncludi ng the open end(s f the at | east
onSUIHe ?t tluP?Poagl%t ) T ?fletfgl%retflge &w)mgﬁ GPFea g qutermost tubes, said
di spRastnieingintbehaame rco@mhﬁﬂ?iﬁpﬁid)ﬁéamxﬁﬂ?ﬁidg“”er

surface of said end wall an e I nner portion-of said

bott om wal | ; a&riPPes Wall haying apend mdirtiay, loppesiensitd posiods an inner
portion S aj J Il and . sai d.bottomwall_,
o d o geh e P rPREbuIT srneBR o oR-PHERE R of coolant between
t ubes ofantilet/otraindseidisdager, sai d outernost tubes

include an outer wall and an inner wall; the inner
wal |'s said odteatiopswall swingoan sed gottiead epposingi sideippetions and an
wal |, sald grghed surface, said bottomwall between

the intersection’ of said angled surface and bottom

wal |, and saiad iend| wabd hauvingaca fitdem B@fReh@adelan outer surface
chanber;. said inner, walls of said outernost tubes each

havi ng dMeGPIRScHRe thsrend prbipms of said uRrerfwallhamst of eaid Sattom wall,
na 5 o
e AL Al SR ROE, LU BRA S o v,

out er nost t ube,_ an I cCes
di sposed at heaxlinphsurfage extendiagbetweem teiingd pdttidng6€said bottom

and at | east partly beneath said inlet/out]let opening. )

2. A heXADAdSEE HaPergvall any inehicing e Pesryenls) af the at least one inner
respect kR 19&difl heRlehas an area substantially as large

as the largest circular orifice which can be

practical |y appogledisutfaca didpesquiintsainheafiersaitehding between the inner

et T W T R
header accor gidagvall9 eflealih beWhhahd siddindridas BE Shili\{®per wall and
orificeis a circular orrfice. 4. A hgager accoré’&’ﬁg
to cl ai faid bokemn aval, srid side saPe being extensiénsod thesowtermost tubes of the
plurali heat QI(ch%B;ing,i saftPoutermost tubes include an outer wall and an inner wall;
the inner walls said outermost tubes of said header, said upper wall,
said angled surface, said bottom wall between the intersection of said angled
surface and bottom wall, and said inclined surface forming a header chamber;
said inner walls of said outermost tubes each having an orifice for
-permitting the flow of coolant between said header chamber and the respective
outermost tube, and said respective orifices being disposed at least partly over said
inclined surface and at least partly beneath said inlet/outlet opening.
2. A header according to claim 1 wherein said respective orifice has an
area substantially as large as the largest circular orifice which can be practically
provided in the portion of said respective inner wall defining part of said header

chamber.



5. A header according to claim1 wherein said

respective orifice covers substantially the entire
w@oeootioan22df said respective inner wall form ngPEBEUE2003/034343

said header chanmber. 6. A header according to claiml

wherein said respective orificg) has any shape

sufficiently large to cause no nore than m ni mal

restriction to liquid fl.ow, 7 .Are der. according to . .

cl ai m 1P-wher®i hFaddi g QuEfaimy | FhegRin S ?eﬁp?ﬁ%ve Frifice is a

pl @Rs12Rdsnea&l d bottomwal | is parallel wth respect to

sai d upper wall, and said bottomwall extends from

the | owbr poAtlicaderoficconding ith¢laimell wherdinceidaraspediige orifice is a

| ower ... portion of said end wall and form ng a junction

w%raggf)%{qrﬁgcle?'ned surface; and wherein said

respectsve oAiehg® dcSord@fpafoeslaiabd OWehdréif shidnetpeRrfivdbrifice covers

the |lower portion of said inclined surface and said _

botubstantilyl thegentise ety ob s¢i6 rigsnestivo inmteniwall7 faxminge part of said

said.re lve orificeis a circular orifice

gzl}]eélfiérﬁ%ggt%g}ngent to said bottomwall. 9. A header

accor di g t oAdleadenaécortimigad rnlami U whepesdid ws3peutive iogi€ice has any

is a circular orifice whose sjze js the naxi erP Sj Zt?

prebeps suffirignibylasgadp cadss noHBotg Shan mimsl reygetipn to liquid flow.

respective i ik Nj ' .
chanper - 30, MRERAecork (Ll Rierd SRy Pt SRdPRes generally in
sad glane smecdaid/ botverh fwalk is paraligl wishagspectutbfdacd eppdrywall, and said
large to avoid significant restriction.tq fluid flow
1100URIh @l esxtends JFem Hjf feivez | aram: Oluprdf dnclingd Suifageafide e lower
t . i . t i I .

W o B Sidid il Bl A ARALN DA e Rpflces and

| east 1 '/ 2whérmmssaidhecspatterenatlificr tskcated taboveatheajusgtion of the

of each of the.parallel tubes, 1 A header according

C coBRE Prifon o et R R eI P §8fect | ve
orificegis aﬁl%’éad&ﬁ’"aé‘c%rdiﬂ? S @AmOT WiReifr ARS réspEdtive Neifice is a
area of each of the parallTel tubes. 13. A header

acdmuthir egifice gerezdlln tangentitof sard badtoni well.udi ng an anode

assenbl | ocated ,on sai bottom wal |, or. said _end.wal |, .
T A hader AaeaRaraghdins 3 iy TP A FERR hrifice s &
I NGHHR rifice MdioBe sidd SLNB InyaxiifGinUstengtadticall @ pobsiidé en ke portion of
the bottomwall and beneath sai d header chanber WO

20%dd Bapeesise poer walk defBriog pa of saxbheader chambsi- n pl ug

| ocat ab in i.d_ drajin.hol e, sai [ . - .
e onar b oue Rt G pecve oifice is any
hegmpe seficiehtly Rggd 10 avbidl signifivineresirictis@toifluid fletv. out | et

? ﬁ:n: 2?&./803& b&%grg Iagp%fé;gg |r]tg_cctlezliirk;1I ? svﬁerginn%gz}l)a?élle?ntgbes have an
internal cross sectional area, and wherein said respective orifice has an area of at least
1 Y times the internal cross sectional area of each of the parallel tubes.
12. A header according to claim 11 wherein the area of said respective
orifice is about twice the area of the cross sectional area of each of the parallel tubes.
13. A header according to claim 7 and further including an anode assembly
located on said bottom wall or said end wall.

14. A header according to claim 7 wherein said header includes a drain

assembly including a drain hole in the bottom wall and beneath said header chamber



16. A header for a heat exchanger, the heat exchanger
having a plurality of parallel tubes having generally

wo euanged ar cross sections, said header conprPGI/I§R00F034343
general ly planar upper wall having an end portion,
opposi ng side portions, an inger portion and an
inlet/outlet opening for permiting the flow of

cool ant . bet ween .anl.et/outlet apd sai.d header:

DGR ok oA RBledh SR g pe Foie Gaaalingrendiae oftwardly from
POt beSmand. an i nner portion, said bottomwall being
parallel with respect to said upper wall; an end wall
havi ng Bn i nAdreadurdcaerdingria daimolivderetn sdid dnlet/gutled opendng is an

wal | .interconnectin he d.partions of said upper
wapreniged BhrAHIE 4 ihele o BRI S aoed cul'ar o

sai d upper WAlHeaddtdos@héht bodHanger\ ek lheattdXchdhigbi Redhg a plurality of
surface extendi ng between the inner portions of said . .
bopardlal tubsh having genarallyifgplangulas cross segtiwnp.riaid; header comprising:

L o

plurality of header , “sai

Supdréess, amthneapettibathidan inddtloutlempening fért pedmjtting the dlow of coolant
side wal |l s, extendi ng between the side portions of said
upb%Y@%&ﬂqlnkﬁBu“ﬁémgsﬁé@F%ﬁ¥MalI; an angl ed wal

ext endi ng be Loner 2 0 '

at o poi nt bl autn bR paUAEan B biBn Xppdahe SRR a prd an
anihnergpoatiarppad boebin, wahlskisgpatalldb etitharspeet th;saidngper wall;

drai n plug extendi t hrough sai d. bottom wal | het wee
the | connect FUTGAILPEAGREE HEPF SRS SBEEEotR end wal
mﬂn#erc&ﬂ@ctﬁ%t%%dt ?tiddér&tslklﬁnli;g;er $all%hndi BAfd b&Sn wall and being

surface and said bottom wal | A header according
t oparpaidinuls tevkaid epperyellcandshidihotaml wall;openi ng i s an

openi ng connectaple to.a nozzle, and the.inlet/outlet.
R noza e dripelinedkuftath e yrRAfen Rt inary BiSE af Seid bottom
heqhil ax¢ dan %Pexhﬁéﬂ'l,%idain@ﬂir&érdaéukfb&'e Blovidd®y dck& betwl@sat least one
havi ng generally rectangul ar cross sections, the tubes

i nefl thdiphgrahtypefi tubesf andosaide heaslst, saidbissliraddsusfiace end saidbettom wall
[ nnert.r{gtJPge N ogﬂ.\gted bet ween the outernost tubes, the
i nREFRAEAIMEA™g cool ant ports and the out er nost

t ubes respeciiiy fhlis SQERTinShdd@eath¥\Elde POA{0R4 623 upper wall and
PCT/ US2003/ 034343 31 outer wall and a parallel inner

wa$did betteom weils t he i nner walls having an orifice in the
header for aG R Yed Qall Qﬁy&’cﬂﬁﬁﬂe’!&é&n tthgti)rg‘n%r s&?ﬁlcg oP?a‘ri‘(ﬁjgﬁd wall
per  wa i ng portlon,

conpri si ng: Eina an-en
OpRASHift Bl thOEdhrRBton Bétwee&did end wall and said upper wall, and said
bottom wall; and
a drain plug extending through said bottom wall between the
connection of said angled wall and said bottom wall, and between the junction of said
inclined surface and said bottom wall.
17. A header according to claim 16 wherein said inlet/outlet opening is an
opening connectable to a nozzle, and the inlet/outlet is a nozzle.
18. A header for a heat exchanger, the heat exchanger having a plurality of
parallel tubes having generally rectangular cross sections, the tubes including a pair of

outermost tubes and at least one inner tube located between the outermost tubes, the

inner tubes having coolant ports and the outermost tubes respectively comprising an



portion and an inlet/outlet opening for permtting the

fl ow of cool ant between an inlet/outlet and said
wheadosg22a bottom wal | havi ng an end portion, PEPUS100$034343

side portions and an inner portion; an inclined

surface extendi ng between the gpner portions of said

bottom wall and said upper wall, and |nclud|ng the

open end(s

et ol e GupA L AEnEF B ST e et AL e fce in the

f 1 RaRder fok h&desP@Thé b@BrnRRtubed, Bﬁdlﬂl@&ﬁi chmpbtisih@ a second
position near said bottomwall, closer to sard

inclined sufuappRer wiall aviag @n £nd B‘t’mS@,sQRPiO%iﬁg side PREiPRH N inner
32561 18)( l Cat e e&? thg%sn%g% ? e}%lngftlﬁ lgce 1362bs cg‘(ﬁ%lﬁsl%etween an

I verting

anma@gﬂachna@aﬁll&a@éﬂ endi ng dovvnvvar dly in opp05| te
radi al directions from said ap and on opposjte sides

of said spi@BOEIM MRS @éeaﬁgwé@nt RRQFIRE sidggortions and an

re out er nost tubes and respectively ending at
thgﬁlglﬁé]de&rigp’ortl on of said bottomwall, said first

panel and s aardlmhnm@rfawettendmag/bmgedmthe firextr pqmtlbas:dssaid bottom

i nclined towards the st .one inn
t oWaH @ad sid uppeispalb1an én%wf g the OPER eﬁ@ 9§r§5 é?feﬁi}é’ne inner tubes
ou% ELPsdagttibes for facilitating flow of cool ant
ween sal d inlet/outlet and said pair of outernpst
t ubes and i nadlosadiderser cbmamm@nepmc medined from;a fasiopositipa near
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wakhding af de dmeer partion depidgbasempenldiseid frst paneherdysad second panel
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as Sal d S pi ngide walls extending between the side portions of said upper wall and

said bottom wall;
said side walls, upper wall, flow diverter, bottom
wall and inclined surface forming a header chamber;
said respective orifice being disposed at least partly over said inclined
surface and at least partly beneath said inlet/outlet opening.
19. A header according to claim 18 and further comprising an end wall
interconnecting the end portions of said upper wall and of said bottom wall, said end
wall being perpendicular to both of said upper wall and said bottom wall.

20. A header according to claim 18 wherein each of said first sidewall and



21. A header according to claim?20 wherein said first
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wadliffereahanglescl udi ng t he open end(s) of the at Ieast
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said inlet/outlet and both said pair of outernpst
t oRsTTR0SH tubap andht 1easione dmer tieloCateb betwspy thy erierast tbes, the
[ ai d upper wall
&ggsal%%‘%i %Blaﬁfﬁor&égaﬁ%ﬁ%fdf rF’Jm ei ng
ext ensi ons O#n tigper wutleawngtanteudbpmloﬁ (t;ipesmgalﬂe portions, an inner
exchanger, sajd outernost t}Jt%es i ncl udi nglg

WaPortighng rary mlfééouylaq ppeninge forpramittpg fhe
Si |, apparatus for dlvertlng t he
flgl\?\?%? lgtsi‘rﬁdﬁﬁig?{e%n ’ bot t om wal | , and said inclined

surface for m bhoftaan waldeving@ahant portiosadpposing sidewattions ehd an

saj d outernost tubes each having an orifice for WO
20BUERAYY% PCT/ US2003/ 034343 33 permtting the flow

of cool ant bgt M@%@ﬁkﬂc@&@gﬁinm théffhet P&tions of said bottom
respective outernost tube, said orifice being

di spbsed st uppersvalhand inclusiieg theaipan iend(s) ofehie allepsioae inner tubes

angl0 s%tld }Ile% st partly beneath said inlet/outlet opening.

g%(? quogettween an

an apparatus for diverting the flow of a fluid entering or exiting said
header, said apparatus facilitating fluid flow between said inlet/outlet and both
said pair of outermost tubes and said at least one inner tube; and
side walls extending between the side portions of said upper wall and
said bottom wall, said side walls being extensions of the outermost tubes of the heat
exchanger, said outermost tubes including an outermost wall and an inner wall;
the inner surfaces of said side walls, upper wall, apparatus for diverting
the flow of a fluid, and bottom wall, and said inclined surface forming a header
chamber;

said inner walls of said outermost tubes each having an orifice for



24. A header according to claim23 and further
conprising an end wall interconnecting the end

w@ontoenss of said upper wall and of said bottoraemEs1003/034343
said end wall being perpendicular to both of said
upper wall and said bottomwal k3 25. A header
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boflowntovedrds h]aallcrmgarmnstend)epcﬂﬂﬁl trwardsp tlass ish deast dwne fnner tube in
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an inclined surface extending between an intersection with the inner

portions of said bottom

wall and an intersection with said upper wall, and including the open end(s) of the at
least one inner tubes to said header;

a flow diverter disposed in said header comprising a spine extending
downwardly at a predetermined angle from an apex located at the top of said spine and
having a first panel and a second panel, each of said panels extending downwardly in a

radial direction from said apex and said spine at opposite angles and ending at an



plurality of parallel tubes; and side walls extending
bet ween the side portions of said upper wall and said
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out ernost tubes of the heat exchanger, said outernost
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side walls, upper wall, incl i ned surface, and bottom

wal | be vveenthelnter ect i f t he Iowdlve er.

B TS AP SHESES; 91T BEH <t el 87K, PP BY S frst panel
Vedrd sAdGetdidl Fzmapl a?élﬁcicﬁﬁ&laﬂl‘?réﬂgw furhRasl 8Eing NABRAr towards said
said inner walls of said side walls each haV|ng an

orpluiatity fopargéal tribessiand the fl ow of cool ant betvveen

sai d header c¢ specti,ve qQuter pns

Sa G reater: fide VR el Rk ESAGE Hat BoRhE HERI whnkf Rigll and
ovV@lid Battéhn v, isiigGideuwalRCeim e téisiorls@dthe Pateirhobt tubes of the heat
beneath said inlet/outlet opening. 28. A header

acthangss seisl autemestipbesiaclpding ae Pukes HigHiand A st walk
N t d
vl | e cappest g i Sa8LoRRL g o vpper

wal | and of sal bei ng
p ebgrend ivailll Betwean bﬂtlhtetséctﬁ&iscbfuh@é]t)vW\allvhrtamildslam(d)m wall and the
bottomwal |. 29. An apqgratus for diverting the fl
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exchanger hayj;ngng f%ﬂ%r(ﬁ{ shid¥si® whf @bl Bhvihd'Re gréﬂ;&\’fof‘germlttmg

generally rectangular cross sections, the't
i nible thw gf aocpiaxhtrbem/eanwaﬁf hezsitr Chendser and dife mﬁpeséizd outermost tube,
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at least partly beneath said inlet/outlet opening, and at least one inner tube located
between the outermost tubes, the inner tubes having coolant ports, said header
comprising:
an upper wall having an end portion, opposing side portions, an inner
portion and an inlet/outlet opening for permitting the flow of coolant between an
inlet/outlet and said header;
a bottom wall having an end portion, opposing side portions and an
inner portion;

an inclined surface extending between the inner portions of said bottom



side wall s extendi ng between the side portions of said
upper wall and said bottomwall, said side walls

wheing4exi ensi ons of the outernost tubes of theECTES1003/034343
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ports, Sai d Iéé‘aﬂ’é’?fantspﬂﬁ Al_%qrﬂ@g tﬂgnﬁ%‘ﬁ pf’grco\ﬂgf’f T 3316?1%3 of a heat
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portion and an inlet/outlet opéening for permtting the
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hayhifg @R driterfos dbmakication 8Bwerh shidsautdraost tubes and said header
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PCT/ US2003/ 034343 36 wal |l and said upper wall, and

i nebmifipiget he open end(s) of the at |east one inner

tubes an upper wall having an end portion, opposing side portions, an inner

portion and an inlet/outlet opening for permitting the flow of coolant between an
inlet/outlet and said header;

a bottom wall having an end portion, opposing side portions and an
inner portion;

an end wall having an inner surface and an outer surface
interconnecting the end portions of said upper wall and of said bottom wall, said end
wall being perpendicular to said upper wall and said bottom wall;

an inclined surface extending between the inner portions of said bottom



to said header; and side walls extendi ng between the
side portions of said upper wall and said bottom

wowdo/o4mas d si de wal | s bei ng extensions of thePCT/US2003/034343

out ernost tubes of the heat exchanger, and including

an outer wall and an inner wal Lz the i nner surfaces of
said side walls, upper mall end wall, and bottom
wal | and |ncI|ne

ng a header chanber:
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wherein said apparatus for dlvertlng fluid flow in said header is adapted

for diverting fluid flow towards the outermost tubes and towards the at least one inner

tube in substantially relative equal proportions and wherein said apparatus is contained

within said header chamber.

32.  An apparatus according to claim 31 wherein said apparatus for

diverting fluid flow between said header and said parallel tubes is selected from the

group consisting of a free-standing diverter having a cap, a suspended diverter and a

flat-topped diverter.



