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BACKGRCQNQOﬁgzgﬁE | NVENTI ON Field of the Invention Th|3|ﬂ@@%gm)¥§$elates
to heat exchangers, and nore particularly to heat 5 exchangers tor cooling
engi nes, generators, gear boxes and other heat generating sources in

i ndustrial apparatuses having fluid coolled heat sources, such as narine
vessel s. The invention nore particularly relates to open heat exchangers
(where heat transfer tubes are exposed to the ambi ent cooling or heating
fluid, rather than being in a shell to shell container holding the cooling
or heating fluid) usedEAT EXGWt he heat
exchangers are efficient, anc }?nd vol unme conpared
to other heat exchangers k#&wh vely, the heat
exchanger agerdtiRdinkentidie 1 nventi on could be used as a heater, wherein
relatively cool flTurd absorbs heat through the heat transfer t ubes.
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such as outabg@nldorm%nroenfaMer $oRling theaiodlingmbiheating ﬂ\mtl)ensqdufme:dohﬂlg bemh t he
engine is a sufficient coolant. However, as the vessel qomer denmand gets

| ar ger, lénﬁpemsamh@ﬁ therhsalderdhargsgh atn effisisgh nfé“dng’g‘z‘ g’éﬁ?l AYEr P618h538dT de
good cool ing g LOg &@@'@gmepﬂaatae&éﬂq@@fs% inn® QHI G Bhathle B ithd fent 25
cont ami nat i on dang 8 Paw, anbi ent water were used to cool
the engi n%xclﬁdiigeﬁdfﬂdbﬁnig Mahernv\ﬁmdrdcdmd by ugbdlas iasheamd wheesit rdatialy yodlf it
is salt water, corrosive chemcals to the engine. Therefore, there have

been develdb%@ab%Wb%hﬁﬁﬂ@$%@ﬁﬁ%H§%§ﬂ$%#’%ﬁﬁl|ng engi nes and ot her heat
sour ces. Cﬁ%g@ﬁ&ﬁﬁﬂh%ﬁ¢ﬁ85r&8°|'ng the engine of a vessel is channel

steel, whichtTs Dastcalty a rarge quantity of shaped steel 30 which is
wel ded tig t he bdidaopendratinpesduntds infindusneas spplifasions onshess ngrieagiesselscael ant

and

often cooled by water, other fluids or water mixed with other fluids. For example, in
marine vessels used in fresh water and/or salt water, the cooling fluid or coolant flows
through the engine or other heat generating source where the coolant picks up heat,
and then flows to another part of the plumbing circuit. The heat must be transferred
20 from the coolant to the ambient surroundings, such as the body of water in which the
vessel is located. For small engines, such as outboard motors for small boats, ambient
water pumped through the engine is a sufficient coolant. However, as the vessel
power demand gets larger, ambient water pumped through the engine may continue to
provide good cooling of the engine, but also serves as a source of significant
25 contamination damage to the engine. If raw, ambient water were used to cool the
engine, the ambient water would carry debris and, particularly if it is salt water,
corrosive chemicals to the engine. Therefore, there have been developed various
apparatuses for cooling engines and other heat sources. One apparatus for cooling the
engine of a vessel is channel steel, which is basically a large quantity of shaped steel
30 which 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. Channel steel has severe



transferring heat fromthe coolant to the anbient water. Channel steel has
severe Wodhh/s3d464 PCT/ US00/ 41599 -2 limtations: it is pegXshélffshd Cient,
requiring a large anmount of steel in order to obtain the reqU|reg cool i ng
effect; it is very expensive to attach tp a vessel, since it nust be

wel ded to the hull - a very labor intenStve operation; since channel steel
is very heavy, the engine nmust be |arge enough to carry the channel steel,
rendering both the initial 5 equi pnment costs and the operating costs very
hi gh; the larger, nore powerful engines of today are required to carry
added channémistiess: itfieveryhréfficicnio riquiyingaplargetagnonnt ¢f el yn grder &t ebthinghy
smal | anmount of room.on the hull to carry it; the yl oad capacit
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The coolant then flows through fhe. rect | ar , heat conduction tubges and
goes to the oppOsicebcafderauss g?"?t?ﬁ?%‘ﬂ ﬁ‘ﬁqugs 86%?%%%%@%‘&%156? ﬁ'ieﬂt_sﬁf’o t he
engi ne. The; hgades S@%Hﬂu%ﬁ).t herpRetns@RAURLAN dE4hBss af hedi TROSRGer Tott he

anbi ent water, and heat transferred from the cool ant, travels through the
wal | s of 1% hatdehmentcondmatine hull sbrestusndhiches herapesed ofanphir phspacehdeadei ent

IR N LSCLANGUL S5 BSS  STOREE! PR AT S SR, 2,806y ST oL 1Y
mai nt ai ni ngse‘gtioﬁ &} aLiihiYarC HMRAE lex®hd CocdRELnS ARPReadkFse A WS/ Mnkiicalt PRADIdgee!
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through the hull connects the headers to coolant flow lines extending from the engine
or other heat source. Hot coolant leaves the engine, and runs into a heat exchanger
20 header located beneath the water level (the water level refers to the water level
preferably below the aerated water, i.e. below the level where foam and bubbles
occur), either beneath the hull or on at least one of the lower sides of the hull. The
coolant then flows through the rectangular heat conduction tubes and goes to the
opposite header, from which the cooled coolant returns to the engine. The headers and
25 the heat conduction tubes are disposed in the ambient water, and heat transferred from
the coolant, travels through the walls of the heat conduction tubes and the headers, and
into the ambient water. The rectangular tubes connecting the two headers are spaced
fairly close to each other, to create a large heat flow surface area, while maintaining a
relatively compact size and shape. Frequently, these keel coolers are disposed in

30 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.



30 recesses on the bottomof the hull of a vessel, and sonetines are

nount ed %A&lg&él de of the vessel, but in all cases below the water |ine.
WO 01/ 31 #US00/ 41599 -3 The foregoing keel cool er PETUSPUIFYY to as
a one-piece keel cooler, since it is an integral unit with its major
conponents wel ded or brazed in place. Hie one-piece keel <cooler is
generally installed and renoved in its entirety. There are vari ous
varieties of one-piece keel coolers. Sonetines the keel 5 cooler is a
mul ti pl e- pass keel cool er where the headers and heat conduction tubes are

arranged to al | oph@tordRasd kNBot8As edTaRERol 3 aldde-pldde et B1Rf sihdedvis zand t he
inlet and outlet ports may be |ocated in the sane header. Even though the

f or egoi ng histegravoliavigdertsmajor fomhenangscveldeflipabprarrsan plasgndire onewiacgkeel have
enj oyed wi de- ?&;})_r.ead use .sit edt eir irat.r clgtduecﬁ}e n over fifty 10 years ago,
they have sf8 é%%ﬁ“ﬁ&’i WMHF R E TEEPYected By the present invention. The
rectangul ar heat Trete had gafisusOlaridiies PFi dde-piéde krY obles. 08biRfithes NBP&edlf a
rect angul ar parall el epi ped having headers at their opposite ends. These

header s HaweolesppasmHyplemesskgel soqlpr whersrtbe peadssranddispasondycieietubgs preof t he
| d | o - i !
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flowrelative coo S vess wth the exchanger

travel s thrQighpéemwabelocatttién PRIsp@Bdeadet.ar header walls are responsible
for the creation of dead spots (lack of anbient water flow) on the heat
exchanger surfackeen ikqugh [ty Jefegongahed exeagggantiBr thie Jectanguags beat

occurring at d : . per. I . i,m ni sh
the flow o?c Ogd ‘?g)rrllt ﬁl%gv%?l ggé %&O&%e%qg%gﬁrg%ay E%glﬁl gé?élqgﬁﬁt?%g{sw%ﬁﬁ educes
or di m rios hearstdge, wephmte shbriddningsivhidhi edcarantddebytthapshartiednbiehween t he
coolant in the tubes and the anbient water. .As discussed below, th

bevel ed header, Hesntertapgilasheah exphangers ofiherger i dave, theraityvardeshars phAst er

ef ficiency r Efgq{ [ t NG o BYEBLdsONFhesd
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the keel cooler presently 25 being used. This increase jn heat transfer is
due at |easfch ﬂthﬁarapgtast fx7ebyREr BasRbien watel Bl aledva | thked PoRlcheS Bibi ent

e L
requi : enmentwdlBaite responsible for the creation of dead spots (lack of ambient water flow) on the
heat exchanger surfaces, which largely reduce the amount of heat transfer occurring at
the dead spots. In addition, the perpendicular walls diminish the flow of ambient
water between the heat conduction tubes, which reduces or diminishes the amount of
20 heat which can be transferred between the coolant in the tubes and the ambient water.
As discussed below, the beveled header, contributes to the increase of the
overall heat transfer efficiency of the keel cooler according to the invention, since the
ambient water is caused to flow towards and between the respective heat conduction
tubes, rendering the heat transfer substantially higher than in the keel cooler presently
25 being used. This increase in heat transfer is due at least in part to the increase in
turbulence in the flow of ambient water across the forward header and along and
between the coolant flow tubes.
One of the important aspects of keel coolers for vessels is the requirement that
they take up as small an area on the vessel as possible, while fulfilling or exceeding
30 their heat exchange requirement with minimized pressure drops in coolant flow. The

area on the vessel hull which is used to accommodate a keel cooler is referred to in the



they take up as small an area on the vessel as possible, while fulfilling
or exceedin 30 their heat exchange requirenent with mnimzed pressure
drops i NPt flow The area on the vessel hull whi ch PSTHSBUHIEY
acconmodate a keel cooler is referred to in the WD 01/31264 PCT/ US00/ 41599
-4 art as the footprint. In general, kedl- coolers with the small est
footprint and | east internal pressure drops are desirable. One of the
reasons that the keel cooler described above with the rectangul ar heat
conduction tubes has becone so popular, is because of the small footprint

it requireshReme RIIRMRT W fdhefll hREe! k@Blers RthEhS . snidPEY Riotprkf @indSlego! ers
according to the design of rectaqgular tubed keel coolers presently being

used have ibtennl preaside Byops e ¢asisaldat Onawé thegessons thgethedieglegooldialgspitnedssar y
both in ter of ..size and the rel at i rnal op. t
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above (and thdshall Fhgprigtat aighir&ewbsy) corkgetd oobl s kebladdohgs. s Faheeer, keel
footprints and | ower internal pressure droPs are possible. These are_ 10
maj or advarsPalgessacserdingtoghe dasign phicshgwiAr e keshaoplep wrepradly betnguuiely two
pass) keel S i fred. S n even
O oater i for oo g pRREbieldt ibRiugull BY BORE harth ek B p T Rk F

i nvention, s addslkd fcheel] inedroal.pr&udeiiRYd. By TidEnt dp&iiioOdf s vatioisaspactsbj ect
of the present invention to provide a heat eXégﬁgger for fluid %coqled heat

sour ces whioéRhg Brese| INEntoRHeserghede9y R ditg h LR MRFAPY): ka6l P Re
° _ U ! f > the
same heat %9&?%%11%95%&%@& ﬁgc}l( 4 érhﬁ{e,?@r pﬁggga% drBPi F&;@%ﬁ%ﬁe.' et 4en is

to provide an Fnprove anger str plications which is
mor e ef flocineidr ddvamagssaif texahsengavsnti@D presently known and used. It is yet

anot her object of the present invention to provide an inproyed one- piece
heat exchanger f%herv’é‘élgwﬁesp%ﬁ‘&fia'%t"Yﬁ)Paés)e‘TeF[ €qodH aTeerFl‘gEF‘?%lqréh%?rgFe han

presently ' J i8 rEdlifAeihabd LEwi REovi de
an inproveé§%ﬁ§?%¥gggg'§§?n S%ﬁgﬁgggéﬂﬁﬁgﬁmlig @%éﬁces tﬁgﬁ%gessuré drop of

cool ant f | pvésay inhertiehhasalegdribed belowt. her obj ect of the present invention is
to provide an i nproved One-%Lﬁ&&kﬁgﬁiﬁ%ﬁﬁﬁgﬁggﬁiﬂiﬂying heat conducti on
t ubes which are rectangul ar
15 It is an object of the present invention to provide a heat exchanger for fluid
cooled heat sources which is smaller than corresponding heat exchangers having the
same heat exchange capability.

Another object of the present invention is to provide an improved heat

exchanger for industrial applications which is more efficient than heat exchangers
20 presently known and used.

It is yet another object of the present invention to provide an improved one-
piece heat exchanger for vessels which is more efficient in heat transfer than presently
known one-piece heat exchangers.

A further object is to provide an improved one-piece heat exchanger which

25 reduces the pressure drop of coolant flowing therethrough.

A further object of the present invention is to provide an improved one-piece
heat exchanger having heat conduction tubes which are rectangular in cross-section
having a length which is reduced in size from the current heat exchangers due to
enhanced ambient water flow across the keel cooler.

30 Another object is to provide an improved one-piece heat exchanger having a

reduced size from present one-piece heat exchangers of comparable heat transfer



having a length which is reduced in size fromthe current heat exchangers
due to _enhanced anbi ent water flow across the keel cooler. 30 Another

obj ect i¥OY3%vi de an i nproved one-pi ece heat exchanger PREVSH#189 r educed
size from present one-piece heat exchangers of conparable heat transfer WO
01/ 31264 PCT/ USOQO 41599 -5 capability,-5by reducing the | ength of the heat
transfer tubes, the nunber of tubes and/or the size of the tubes. A still
further object of the present invention is to provide a new one-pi ece heat
exchanger havi ng rectangul ar shaped heat conduction tubes which has

enhanced %aﬁwiﬁlt?[ B%Fe)du&ﬁglﬂ?e_r 186bth Of KREleaC A B SuRE &5 AlinyeO8K (hB& dFAIdet . A
rel ated object of the invention is to provide an inproved heat exchanger

and headertke sinepeihe tyhieisch i s capabl e of deflecting debris nore readily,

and for presentipg. mal Jer target to.debris.in the anbi ent water,

Anot her obj ect d?g?@«gu L8t (ifﬁ}i}%?lrtef%’ﬁlqv e lﬁrt%\lffod'édea%n?‘?ﬁﬁp%i%eﬁehﬁ?é- pi ece
10 keel cockehanght Ghving R3@h&llart Shdpadtiddat BAdWEDEeluSed ReHicHE Bat emBEdNg
keel coolers presently on the nmarket. Yet a further object of the present

i nventi oA idarabglitycompaeddo ke cpoletserersatly orsheiasiger and a header having a

| ower wei ght, an re [ , e I - Pl heat
exchangers preséﬁ %15@{1 ﬁghgte(?flt%%,&’ﬁg@i@rs tég)?%éctle %4 {fﬁggﬂ%gﬁg&?ﬂgé%ﬁﬁon IS
t o provi de haadunethetedt evhivdab capbih@igdectapdicbaadmiSreality, @all fheptest@ting a
rectangul ar heat conduction tubes _ having a |ower pressure drop in cool ant
f1 owi ng t heBRYR erest edabris it Bssgdient #8ffTcor r espondi ng  heat exchangers

present | y_known.» (Al N8fecObk 66! pQlerk NRVAGERS N0 BIMAIL b0 TinbybdGpPLAYES] ON

of a one-piece heat 20" exchang or a vessel, r use as a retrofit for
previ oudDy keelstadlbretvhivhetspeasie toemitallexe hamghr thanhéeiespariding keglassolérve
overal |l heat trfl;msfer performance and provide | ower pressure drops than
the prior BRSERUNWR HEuRark&lqui ri ng additional pl unbing, or requiring

N T e B T
pi ece heat ercizhaargend hawealyr rlacingnguloaver cogliantantl | tharefatb ebweAnmtst) ethanbj ect
S O POV e TR ome bt Bl Schanizers presentty fnuge, ot
15 Another object of the present invention is to provide a one-piece heat
exchanger and headers thereof having rectangular heat conduction tubes having a
lower pressure drop in coolant flowing through the heat exchanger than corresponding
heat exchangers presently known.
Another object of the present invention is the provision of a one-piece heat
20 exchanger for a vessel, for use as a retrofit for previously installed one-piece heat
exchangers which will surpass the overall heat transfer performance and provide lower
pressure drops than the prior units without requiring additional plumbing, or requiring
additional space requirements, to accommodate a greater heat output.
It is another object of the invention to provide an improved header for a one-
25 piece heat exchanger having rectangular coolant flow tubes.
Another object is to provide an improved header for a one-piece heat
exchanger with rectangular coolant flow tubes which reduces the dead spots which
have heretofore reduced the heat transfer capabilities of one-piece heat exchangers, the
dead spots reducing the flow of ambient water around and between the coolant flow

30 tubes.

A further object of the invention is to provide an improved header for a one-



exchanger with rectangular coolant flow tubes which reduces the dead spots
whi ch have heretofore reduced the heat transfer capabilities of one-piece
heat exch3Al¥?é! the dead spots reducing the flow of anbPEHUSHAIEY ar ound
and between the coolant flow 30 tubes. A further object of the invention

is to provide an inproved header for a-ene WO 01/31264 PCT/US00/ 41599 -6

pi ece keel cooler with rectangul ar coolant flow tubes, by reducing the

| i kel i hood of damage to the header from striking debris and underwat er

obj ects which could damage the keel cooler. It is still another object for
the provisi e Pe M@K th @l taffull §CddoNeht IFAGS ?u%%@cby redbdhPyhe 'erlﬁﬂd'&‘i/ cﬁf the
anbi ent vvatper fl owm ng between and around the heat 'transfér tubes. is an

addi ti onal detiageto the hpadey ifiden s;nkmlgpietmednmwatt@watﬁmbjmtewpl@wwh®mag®ooI ers
whi ch enablgs tz %gnode for such keel coolers to be less likely to strike
debris and™UfRFEFOREer obj ects. 10 Another object is the provision of a

keel cool er having &ilsRth&' objéidFoficeprosisicast 4 Mesicprref bifecting ihedbea drag
as the vessel with the keel cool er noves through the ambient water.

Anot her 8bjtedbtlens flow pf ghei atabignhaatrsrflgwing Bepreenpinsc aronadtthe herfafighsierahi ch
provi des fg enhanced heat exchange between the cool ant and the anbi ent
cooling 1 tFﬁgdi um such as water. A general object of the present invention

is to provide apneapigfidiondasbje@xehogre @nﬂnﬂie\a@eh@d&he@e@ﬁe plat€ Redls
efficient and effective in manufacture and use. Oher objects will becone

appar ent f coplershwhigb sasblpt theneds fosispewkenhgodletsrip brdessdiksbniedriky egbws. 20
The i nventi s application is directed is a one-piece heat
exchanger, algguh&ﬁwate?%b ehtlesmgers havi ng two headers which are integral with
cool ant 10f | ow t uesher!dbjdcs ipatet px@uisafd yf appti eaidrehdvinghe aatiug hadgess used
on mari ne vessels as _discussed earl which in that context are al so

cal | ed keelstré%h@rdsprotlkmmuce Heagas tb& E?ﬁaﬂg‘@ﬁ%thaé%lr%% ey es Haopgidiant

i nvention %&f%e used for cooling heat 25 generating sources (or
heati ng coo of coltd fl ui d) in other situations such as industrial
Another object is to provide a header for a one-piece heat exchanger which

provides for enhanced heat exchange between the coolant and the ambient cooling

15 medium such as water.

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.

Other objects will become apparent from the description to follow and from the
appended claims.

20 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
exchangers according to the present invention can also be used for cooling heat

25 generating sources (or heating cool or cold fluid) in other situations such as industrial
and scientific equipment, and therefore the term heat exchangers covers the broader
description of the product discussed herein. The heat exchanger includes two headers,
and one or more coolant flow tubes integral with the header. Although keel coolers
use ambient water as the cooling medium, the broader term for a cooling medium is a

30 heat sink or a fluid heat sink.



and scientific equipnent, and therefore the term heat exchangers covers the

br oader wlgsfhdpt i on of the product discussed herein. Th é’ﬁ?é anger
i ncl udes two headers, and one or nore coolant flow tubegPl n eoé)&gﬁabvmth t he

header. Al though keel coolers wuse anbient water as the cooling nmedium the
broader termfor a cooling nediumis a~ 730 heat sink or a fluid heat sink.
WD 01/ 31264 PCTI USOO 41599 -7 BRI EF DESCRI PTI ON OF THE DRAW NGS FI GURE 1
is a schematic view of a heat exchanger on a vessel in the water. FIGJRE 2
is a side view of an engine for a vessel having a one-piece keel cooler

according to the prior aBRIEmMBESCRERT [ onnected to the
engine; 5 FIGUJ i .pictorial vie f a keel cooler according to the
prior art; FI GJRgégHII&s?éf ap%?&’?‘?laﬁlc &egtogiaﬂag[at %CEW%“ °8 aﬁ'ﬁf‘stefglltpflw@ ~ away

header and a poE{GORE 9fis ah§dL QRMABE ah lA¥Int Ubes v‘é@se@_h@ﬁiﬁFFﬁ eepikeeked ool er
according to the prior art; FIGURE 5 is a cross-sectional view of a portion

of a keel cookeaccarting ti thg ptior art instaed on ther tessel Rodierneateldatherenaig: part of
e o 8™ ort  EIGHRES iR G of S 81 sl iR S AR YRR, ParE

vi ew of porti cool er accor e invention,

showi ng a headelr|@UREAIsta Sirtidl pact6@hvasii of 4 pamidlubas-awal heddREard & podion
pictorial view of a portion of a one-piece keel cooler according to the

i nvent i on, ofitheloplant flow subse pf anreypicr kegpoderiagcosdipg &2 BePEPT t:ew of a header
and part of the flow tubes of . 5 - Di eel - ordi ng
to the inventi oﬁ?gﬁﬁ%ﬁﬁ §C|r°sss'5e(§1|°3%1 ‘\//I%élvsjfc?f&gg?lg Ogg q&egle&gbeg%?gﬁgg@gﬁom in

FI GURE 8; i $#drfartl Shdvsing aftic@dur aMd gyt of theheclappswtutiesshown in FI GURE 8;
FIGURE 11 is a partial bottomview of the apEa.r atus shown in FI ,GURE 5};
FIGURE 12 is a JilgERE ew apide gesstseaipnal PATENESr 0laz BN 9§ operPieRe kee

[ ti 2 how g t f | i : ' ter: 3
oi ctorial Go0N Srosbte o fior, SRR« AL PP e AR AR P o' o

THE PREFERRED EVBGDIRVENES pitteriflunelantapation offponepiese kéel aodlemdccendiganger
system for a water going vessel are shown in FIGURE 1. The system i ncl udes
a heat sourtkeinyentipnhwith PestieRaF§SVaY:25 3, a pipe 5 for conveying the hot

cool ant from he‘%{IGW §% a?‘pircfz)rigfaﬁgw%)f%ql@%? b pat@@fltl"f?—: coolant flow tubes of a
15 one-piece keel cooler according to the invention;
FIGURE 9 is a side view of part of the apparatus shown in FIGURE 8;
FIGURE 10 is a front 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 side view of a portion of a header according to the invention
20 showing the flow lines of ambient water; and
FIGURE 13 is a pictorial view of a keel cooler according to the invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

The fundamental components of a heat exchanger system for a water going

vessel are shown in FIGURE 1. The system includes a heat source 1, a heat exchanger

25 3, apipe 5 for conveying the hot coolant from heat source 1 to heat exchanger 3, and a
pipe 7 for conveying cooled coolant from heat exchanger 3 to heat source 1. Heat
source 1 could be an engine, a generator or other heat source for the vessel. Heat
exchanger 3 could be a one-piece keel cooler (since only one-piece keel coolers are
discussed herein, they are generally only referred to herein as "keel coolers.") Heat

30 exchanger 3 is located in the ambient water, below the water line (i.e. below the

aerated water line), and heat from the hot coolant is transferred through the walls of



pi pe 7 for conveying cool ed cool ant from heat exchanger 3 to heat source 1.
Heat so&@c‘ﬁ } could be an engine, a generator or other heat source for the
vessel 31%dchanger 3 coul d be a one-piece keel cool ePCT&SAVAISEN v

one- pi ece keel coolers are discussed herein, they are generally only
referred to herein as "keel coolers.") Heat 30 exchanger 3 is located in
the anbi ent water, below the water |line (i.e. below the aerated water
line), and heat fromthe hot coolant is transferred through the walls of WO
01/ 31264 PCT/ USQQO 41599 -8 heat exchanger 3 and expelled into the cooler
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cool er 17 is connect a vessel ozzles 15 27
and 28 eI emskzlds@7ge8gankwit £odlant idito ead buheiVieeebneolst e dparles7heRdaeves 19,
21 respectlvely, and the other sjde engages the hull of the vessel. Rubber
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the nozzl e, pes'pereimdanvm thmmrelﬂesl pldnes i ehith Hd npgds and l&x@ercmnﬁaea:stdrteb@gﬁ 30 to
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conposed of respeetiselly, afd thaodiel elde kagages dredudt a)fcxhe oesselodRuter fiaghers Bkhew 23
and the 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
20 connectors 29, 30 to tighten the gaskets and rubber washers against the hull to hold
keel cooler 17 in place and seal the hull penetrations from leaks
Tuming to FIGURE 4, a partial, cross section of the current keel cooler
according to the prior art and depicted in FIGURE 3, is shown. Keel cooler 17 is
composed of the set of parallel heat conduction or coolant flow tubes 23 and the
25 header or manifold 19. Nozzle 27 is connected to header 19 as described below.
Nozzle 27 has nipple 31, and connector 29 has threads 44 as described above, as well
as washer 40 and nut 42. Nipple 31 of nozzle 27 is normally brazed or welded inside
of a connector 29 which extends inside the hull. Header 19 has an upper wall or roof
47, outer back wall 34, and a bottom wall or floor 48. Header 19 includes a series of

30 fingers 52 which are inclined with respect to tubes 23, and define spaces to receive

ends 55 of interior tubes 25.



25 header or manifold 19. Nozzle 27 is connected to header 19 as descri bed
below. Nozzle 27 has nipple 31, and connector 29 has threads 44 as

descri bd¥O8KIPE as well as washer 40 and nut 42. Nippl ePGHUSRM4IEIz| ¢ 27
is normally brazed or wel ded inside of a connector 29 which extends inside
the hull. Header 19 has an upper wall e©9-roof 47, outer back wall 34, and
a bottomwall or floor 48. Header 19 includes a series of 30 fingers 52
which are inclined with respect to tubes 23, and define spaces to receive
ends 55 of interior tubes 25. WO 01/31264 PCTIUSOQO 41599 -9 Referring also

to FIGURE 5, Whigtle5iR0WisKREFICAIRES, WficRRACWEREQTr cobferl 17 afd ASKIeS49tihon,
header 19 further 1 nclfudes an inclined surface 49 conposed of fingers 52.
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tube wall 61. Both sides of interior wall 65 are shown in FIGJRE 4 and 5. A
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coolant flown hr ou e out si e i'nto or out of header 19. In this
regard, nozzl e ZFackamtegior hvide ballast heddet 180Rdiniprised of emeexterigr 80 obtt

coolant fromthe en&gﬂe whaose flow i s indicated bg the arrow A in Fl GURE 5,
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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

20 hot coolant from the engine whose flow is indicated by the arrow A in FIGURE 5, or
be an outlet conduit for receiving cooled coolant from header 19 for circulation back to
the heat source.

FIGURE 4 also shows that keel cooler header 19 has a drainage orifice 71 for
receiving a correspondingly threaded and removable plug. The contents of keel cooler

25 17 can be removed through orifice 71.

Still referring to the prior art header 19 shown in FIGURES 3 - 5, it can be seen
that outer back wall 34 and floor 48 are formed at right angles. This configuration has
led to a number of disadvantages, previously unrecognized by those designing and
working on keel coolers. First, by having wall 34 perpendicular to the direction of

30 flow of the coolant through the tubes, greater pressure drops occur inside of header 19

as the coolant becomes chaotically turbulent and is forced through the coolant flow



receiving a correspondingly threaded and renovabl e plug. The contents of
keel coq&srl ﬁ% 17 can be renoved through orifice 71. Still referring to
the priorCaltftader 19 shown in FIGURES 3 - 5, it can bePGEER0V416%: out er
back wall 34 and floor 48 are formed at right angles. This configuration
has |ed to a nunber of disadvantages, -p®evi ously unrecogni zed by those
desi gning and working on keel coolers. First, by having wall 34

perpendi cular to the direction of 30 flow of the coolant through the tubes,
greater pressure drops occur inside of header 19 as the cool ant becones

chaoti cal | yubdirRuaBihe 806 rates (Rp&RENS b QakiiaricBe T4R01aM tof 4 vt MBLQIN3H264
PCT/ USO0/ 41599 - tubes at varying flow rates dependi ng on resistance.
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the drag of the vessel. as it nmoves, through the water. 15 Still referring
to FI GURES materia, ela £9dii0g, signifiggniggrag oy SR DY iBF TeLe S theayertical
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they elimnate ration of anbient water into e vessel, and ) they
per m t heatexthamgs ftesesi of thhekeek paader, aat vaddn t¢ hiee Kepgl ofcthel wrssdl udseis movédst he
vessel by creating a distance of separation between the heat exchanger and
t he vessel tWGPg}}H‘&IW%W ng anmbi ent water to flow 20 through that space.
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The pl unbi rllr?ﬁlftrrég(r)rr]l of ambient water into the vessel, and (3) they permit heat transfer in the
space between the keel cooler tubes and the vessel by creating a distance of separation
between the heat exchanger and the vessel hull, allowing ambient water to flow
20 through that space. Gaskets 36, 37 are generally made 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
25 shown) contains both the portion of the nozzle 27 and nut 42 directly inside the hull.
Sea chests are provided to prevent the flow of ambient water into the vessel should the
keel cooler be severely damaged or torn away, where ambient water would otherwise
flow with little restriction into the vessel at the penetration location.
Referring next to FIGURES 6 - 11, the invention in the preferred embodiment

30 isshown. The embodiment includes a keel cooler 200 with coolant flow tubes (or heat

transfer fluid flow tubes, since in some instances the fluid may be heated instead of



the vessel is attached by neans of hoses to nipple 31 and connector 29 and
to nipple 32 and connector 30. A cofferdam or sea chest é rt of the
vessel ) 0¥ end (not 25 shown) contains both the port‘gﬁUﬁwmﬂﬁ@ nozzl e
27 and nut 42 directly inside the hull. Sea chests are provided to prevent
the flow of anbient water into the vessél-should the keel cooler be
severely damaged or torn away, where anbient water would otherwi se flow
with little restriction into the vessel at the penetration |ocation.
Referring next to FIGURES 6 - 11, the invention in the preferred enbodi ment
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header 204 and outer flow tubes 208 (The chanber is defined by upper wall
210, an i ncdarhatbesi®y ydctois pravided ang coplaphiley I@ﬁtdfoﬁﬁf"?l%tnﬂ?‘?@g bSE‘V/??Ined
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anode asse reduci ng corrosion o ol er.

Consi deri ngwapeq:a) farcalcliyed birfeey ifhdsldRE of, mleeehd poticar 220 beiveled bdesm
rectangul ar tubes 202 with interior tubes 206 and outernost tubes 208 and

i nner wal | wahglq.upwer well 2 ¢andend watl 1A Header #B4 elsp hvean anpde &semblnds or
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206 joi n"he Pncl 1 ned surface 229 (FIGURE 6) on the
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218 (with orifice 220) of the outermost tubes. The open ends or inlets or ports for

interior tubes 206 are shown by numerals 227. Tubes 206 join header 204 through

20 inclined surface 229 (FIGURE 6) on the opposite part of header 204 from beveled wall

216. Exterior tubes 208 have outer walls 230, part of which are also the side walls of

header 204. A gasket 232, similar to and for the same purpose as gasket 36, is
disposed on roof 210.

The angle of beveled wall 216 is an important part of the present invention. As

25 discussed herein, the angle, designated as 6 (theta), is appropriately measured from the

plane perpendicular to the longitudinal direction of coolant flow tubes 202 and located

at the part of the closed end portion of header 204 spaced furthest from the set of open

ends or ports 227 of tubes 206, i.e. from end wall 214, to beveled wall 216. Angle 6 is

described as an exterior angle, since it is exterior to end wall 214 and beveled bottom

30 wall 216; it is measured from a plane perpendicular to the longitudinal axes of the

flow tubes 202 and roof 210, and it is along end wall 214 at the beginning of beveled



header 204. A gasket 232, simlar to and for the sane purpose as gasket 36,
is di SQ\(})SGd on roof 210. The angle of beveled wall 216 is an inportant
part of WRRU/HRe&sent jnvention. As 25 di scussed herein, tPHEI/HR4599
designated as O (theta), is appropriately nmeasured fromthe plane

per pendi cular to the |ongitudinal direct2on of coolant flow tubes 202 and

| ocated at the part of the closed end portion of header 204 spaced
furthest fromthe set of open ends or ports 227 of tubes 206, i.e. from
end wall 214, to beveled wall 216. Angle 0 is described as an exterior
angle, si “%%ngﬁq bRII6EI TR bR LRE Walinidihg ADR PaUClCRafi AFE SGudell 216;
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t hat under the prior art as shown in FI GURE - 5, wvertical wall 34
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moves to the right through the ambient water. Arrows B show that the water impinges

on beveled wall 216, flows around the beveled wall, and, due to the drop in pressure,

along inclined surface 229 and up and between coolant flow tubes 202. This flow is

20 turbulent which greatly increases the transfer of heat from the heat conduction tubes as

compared to the prior art shown in FIGURES 3 - 5, yielding a more efficient and
effective heat exchanger than those of the prior art.

Keel coolers according to the invention are used as they have been in the prior

art, and incorporate two headers which are connected by an array of parallel coolant

25 flow tubes. A common keel cooler according to the invention is shown in FIGURE

13, which illustrates a keel cooler 200" having opposing headers 204 like the one

shown in FIGURE 7. The headers shown have the identical numbers to those shown

in FIGURE 7. Heated coolant fluid flows into one nozzle 27 from a heat source in the

vessel, then flows through one header 204, the coolant flow tubes 202, the other

30 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



conpared to the prior art shown in FIGURES 3 - 5, yielding a nore efficient
and effective heat exchanger than those of the prior art. Keel coolers
accor di WOOE32At i nvention are used as they have been in PEEUBYAIP art
and incorporate two headers which are connected by an array of parallel
coolant 25 flow tubes. A common keel codler according to the invention is
shown in FIGQURE 13, which illustrates a keel cooler 200" having opposing
headers 204 |ike the one shown in FIGJURE 7. The headers shown have the
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within the spirit and scope of the invention may occur to those skilled in the art to

15 which the invention pertains.



a plurality of coolant flow tubes extending in a |ongitudinal direction for
carryin%,coolant fluid froma heat source for transferring heat fromthe
cool ant YB3 cool i ng medi um and for returning the codi@dU8BIRAL 1 uid
back to the heat source, said coolant flow tubes having a set of inner
tubes and exterior side tubes, said inider tubes having at | east one set of
open ends proxi mate each other; a header connected to said coolant flow
tubes at said set of open ends of said tubes, said header having an inlet
end portion for receiving coolant from 10 and/or delivering coolant to
sai d cool agihaf sQMitkes t hrough sai d open ends, a closed end portion
opposite said inlet end portion transverse to the longitudinal direction
of said cool ant 1f | owAt urtseg¢cedwicexchageticammpiisp@ t i on having a bevel ed wal |

bevel ed froman end pl ane.per.pendi cul ar .at the..begi npin f the bevel to
the I ongi tudi nal i FERERER OGpoLartdiaDbivhhex Py s et séelifSr nf o
end portion. 15caryidy B&AMntFHEDEOEGLE haRCRuAE Tor fréhsEdrihghdat Ve @idlcdoliat anmount
of bevel of said beveled wall is at an exterior angle O étheta) neasur ed

from saidl end pfladecopbing glediunpandfos detiing the speled segjand fyig badkfoies bggén 0
and 90. 3. A heat h i Wy i i.d r. |
cool ant 11 ow 't obe RARSOLeARON AL bl £ Pbae SR XA SRELARIU! &

external side Wi hfaepfubds havidpes leadomt.setdflopat eshanigate eacicothed; ng to cl aim
3 wherein said angle 0 is 52 5. A heat exchanger according to claim1l
wherei n sai d header R&8ader £pnfiecighpe paid spelpnidiow, Bibse Algiardisea of Prensaidy opl ane,

and said ol osed RduRQT LI@NCINE bR ANnePthy Bbion ) S0dhAg, Lupim sl 1 Lat

upper surface and being In'said en ane, sal eve ext ends
fromsal@ end wahd/oradlelperie ceslamrtoaagl @otnt flom mbedthenghvwald opehiagrdsangl e 0
being 25 between 0 and 9Q. 6. A heat .exchanger according toclaimb5

wherei n sai d be¢epslendapartion gpresite sye Anlelendapastion Harsverse hHiedareibdingli g end

wall. 7. The in i oL di | . j ' jd end
wall 15 no or ATRrofRRRCLENER o el T HIEHRD Al BN s B8] ger
for cooling a heall bsmléERomtanent phine pupbadigdar at devbegihnimgfuliabaveltoahe i nner
cool ant flow tubes extending in a longitudinal direction for WO 01/ 31264

PCTI USOQl 41599  longiudipglidjiesiipnc sridreeolniole v fibss @ veetirsalddpletendipprtion.
transfefging heat § Egﬁe&%nggoe{c@%irfgl #1cthit® &herein the amount of bevel of said

beveled wall is at an exterior angle § (theta) measured from said end plane to said
beveled wall, said angle 6 being between 0° and 90°.
3. A heat exchanger according to claim 2 wherein said rectangular coolant flow
tubes have external side heights of 2 'z inches, and external side widths of 7z inches.
20 4. A heat exchanger according to claim 3 wherein said angle 9 is 52°
5. A heat exchanger according to claim 1 wherein said header has a flat upper
surface perpendicular to said plane, and said closed end portion includes an end wall
extending from said flat upper surface and being in said end plane, and said beveled wall
extends from said end wall at an exterior angle § from said end wall, said angle 9 being
25 between 0° and 90°.
6. A heat exchanger according to claim 5 wherein said beveled wall has a length
greater than the height of said end wall.
7. The invention according to claim 5 wherein the height of said end wall is no
greater than 1.125 inches.
30 8. A header for a heat exchanger for cooling a heat source, the heat exchanger

having a plurality of inner coolant flow tubes extending in a longitudinal direction for



fluid heat sink, the coolant flow tubes being generally rectangular in

Cross s b8 ‘find di sposed in a generally parallel relafionsfilapsost Ne
i nner cool ant ? ow tubes having at | east one set of open ends In proximty

to each other, said header conprising: 5 an inlet end portion for receiving
cool ant from and/or delivering cool ant~ 20 the open ends of the inner

cool ant flow tubes; and a closed end portion opposite said inlet end
portion, said closed end portion being transverse to the |ongitudinal
direction towards the coolant flow tubes; the closed end portion having a
bevel ed waldarrpimgebeldnt fiomfmm &heht phane for Orapsfepimgdicaturam theocookat fuidgptaudi nal

direction of .the cool gnt flow.tube nd | ocat ed t a, part of said cl.osed
end porti orf{ué%gﬁzgcf"ﬁia%feh anf flgy, tflﬁees e %efneﬁglgﬁecg?ﬂ%lagfm FIE SR £ 1 ow
tubes, in thgodid fcd ééﬁ@ra‘llg‘ﬁ@faﬂ& feRBoRMY, A inhérolabBsw tibesAhalidgdeleast
according to claim8 and further conprising an Ql;i%per surface generally

par al | el t onelset dfongi enddiimafoxihiteotdaehotham seid heasdstcamaprisiegit endi ng f r om and
15 perpendicular to said r surface, .sai i [ from
Nal | ovar db 1l SRS by b i op Tl SoRHGHAA R LA RHL SAAS

said endwal | oW S. eader acc Ing to

claim9 wherein gahdofRa\eaiELEF theinhed ®obYRbw iR, aad exterior angle 0
(theta) neasured fromsaid end wall to said beveled wall, said angl e 0

bei Ing between 0 and 90cloggl end partipaaernosit said dnish crd pertiinmsald dpgAes™ sai d
0is 52. 12. . .A d i ta..cl.ai,m. i i [
08 51532 e RS U S e

has a length gr g sal eader

according to cl ayps twhaswt rent hertei ghingod bealdd walllbnaldd fromna engrgateer
than 1.125 inches. 25 14. A one-piece keel cooler for water vessels, said

keel codifer conprerrsndigulag tythgrlengitudingt dirgsien of Bl watant flow tibpsedd d3s&ddi ng
in a longitudinal _ dir i r [RYA i Lo rce
for t rangf erri ng'alt ﬁepaa‘ft (ﬁfstgi%oa?{?g e%%%f)g}r/?%‘l %?%?M@ésgngﬁgﬁ% S\é/\t/a(';tiﬁe ,eﬂggrlﬁsd&?gner

cool ant fl ow t ub@s chgimdlogenbésiln tie diregioangudrds the odaagHvsmbes. on and
di sposed in a generally parallel relationshjp, said 3Q .inner coolant flow
t ubes having at $-eattheadss aseerdig ‘Qp@ﬁl%ﬁd@dpﬁﬁﬁﬁeﬁﬁf’@%%ﬁ anoYpST ;SURAgSe

01731264 PCg-I(;/nyr%H}Q /p%gaﬁglg to ﬂ'ge6longitudinal direction, and an end wall extending from and
15 perpendicular to said upper surface, said beveled portion extending from said end wall
towards the coolant flow tubes.
10. A header according to claim 9 wherein said beveled wall is beveled at an
exterior angle  (theta) measured from said end wall to said beveled wall, said angle 6
being between 0° and 90°.
20 11. A header according to claim 10 wherein said angle 0 is 52°.
12. A header according to claim 9 wherein said beveled wall has a length greater
than the height of said end wall.
13. A header according to claim 9 wherein the height of said end wall is no
greater than 1.125 inches.
25 14. A one-piece keel cooler for water vessels, said keel cooler comprising:

a plurality of inner coolant flow tubes extending in a longitudinal
direction for carrying coolant fluid from a heat source for transferring heat from
the coolant fluid to ambient water, said inner coolant flow tubes being generally
rectangular in cross section and disposed in a generally parallel relationship, said

30 inner coolant flow tubes having at least one set of open ends proximate each

other;



a header connected to said inner coolant flow tubes at said set of open
ends of _sai d inner cool ant flow tubes, said header having an inlet end
por ti on¥BIB1284cei ving cool ant from and/or delivering cogq%gs‘l"ﬁl?s'ﬁner sai d
cool ant flow tubes through said open ends, a closed end portion opposite
said inlet end portion 5 transverse to-tthe | ongitudinal direction of said
cool ant flow tubes, said closed end portion having a bevel ed wall bevel ed
froman end pl ane perpendicular to the 1longitudinal direction of said

cool ant flow tubes and | ocated at the part of said closed end portion of

sai d header Spaced f ‘érltlélﬁéxt cdheREa galéﬁ{nepf:o&@xﬁrﬂ(ﬁﬁ%egfat sidisék soSeant
flow tubes, in the direction towards said coolant flow tubes. 10 1 A keel

cool er accor di ngndoofcdasd nm@_mcomr 80w tubes, @rﬁ)hmderdiavm inlst erchpetionével ed

|1 d f | | ed
val |, sai d angre BerRgan e PRER SE%er BBl PG RAARIE iR uthatl e ©

claim 15 wherei Ah%abdl sEECSRAGMIAN a CRREABA ipbAlkn épposite bald Enlex tad @ahloﬁﬂ de
hei ghts of 2 '/2 inches, and wi dths between the respective sides 15 of/2

i nches. 37. A ké@ms‘@mlt@ﬁhed@@@ﬂ’dmﬁbdﬁfﬂén af sald eoakpre flepifubes; spidplgped f@du s 52.
18. A keel cool gjort?o%c%[v% N b L& é)ag‘bjeé%}}é‘é‘?xfoﬁl DSR4 (Bla?lgg)gﬁ{ Osgglalatof

upper surface perpen 0 sal ane, and sal end portion
i ncl udes a vert ile@ditudital leaxibﬁrwlsﬁng doblam ﬂawctulf)dsaztndupmdfd suhé pae oﬁrsaidbel ng
in said end plane, and said bevel ed 20 wall extends from sai.d ve(éwl waII

at an exterior &igeeend PPGWPsoilséildvhquier S§é‘ieé farlse from ¢4 #RY b OPHR
90. 19. A keel sg%lc% laﬁf:ﬁﬁ\gn t%lﬁgneccil %sﬁd%oﬁﬁhfﬂ&i@#‘e?d val | has a

surface |engthgrea e hel vertic 20. The

i nventiqp accor ClISHQAtl&eDb@ilem ab&mhgrteldimmhm gt thefans@ind of detel odlsaidal |
25 is no great er than 1.125 inches. 21. A header for _a keel cooler for a
wat er vessdevelehwall deat apsstesor aals o geasured fipm ﬁal‘%ﬁr’éﬂf’lm e paid Seyelstk wall.ow

t ubes exte al direction for carrying coolant flow from
r}gld%g%ferq r%o]?% tﬁ’)bﬂ‘gb(ﬁ

a heat source erring heat fromthe coolant fluid to anbi ent

wat er, the inneriécogli@st cdolepwctorbiag thelaig 1genisraihsyidrechaguiatl @blahnflewoss
sectlon and 30 disposed in a generally parallel relationship, the. inner
cool ant f| dwpbesinEe eﬁawhgd%lbelg@agf 2 ‘/eH@hgs@tan%w@b%het&ﬁ%ther{eifﬁetk‘ienaléey to
each ot q%r ,ofs/gfngh&eader conprising: WD 01/31264 PCT/ US00/ 41599

17. A keel cooler according to claim 16 wherein said angle 9 is 52°.

18. A keel cooler according to claim 14 wherein said header has a flat upper
surface perpendicular to said end plane, and said closed end portion includes a vertical
wall extending from said flat upper surface and being in said end plane, and said beveled

20 wall extends from said vertical wall at an exterior angle 6 from said wall, said angle 0
being between 0° and 90°.

19. A keel cooler according to claim 18 wherein said beveled wall has a surface
length greater than the height of said vertical wall.

20. The invention according to claim 18 wherein the height of said vertical wall

25 is no greater than 1.125 inches.

21. A header for a keel cooler for a water vessel, the keel cooler having a
plurality of inner coolant flow tubes extending in a longitudinal direction for carrying
coolant flow from a heat source for transferring heat from the coolant fluid to ambient
water, the inner coolant flow tubes being generally rectangular in cross section, and

30 disposed in a generally parallel relationship, the inner coolant flow tubes having at least

one set of open ends in proximity to each other, said header comprising:



-17 an inlet end portion receiving fromand/or delivering coolant to the
open ergsoRfi12the i nner cool ant flow tubes; and a cl osed &fraidgen
opposite said inlet end portion, said closed end portion belng transverse
to the longitudinal direction toward th$7inner coolant 5 flow tubes; the
cl osed end portion having a bevel ed walf’bevel ed froman end pl ane
perpendi cul ar to the longitudinal direction of the inner coolant flow tubes
and located at a part of said closed end portion spaced furthest fromthe
set of open ends of the inner coolant flow tubes, in the direction towards
the inner cool ant flasinleuprssportion peivmehisomand/aE delpgring cogar taiths open

wherein said Cl%%ﬁ?oﬁ@QhﬂBf&kﬁﬂ¥hB&kH S,an end wall extending from and
upper sur

per pendi cul ar to sal ace of said header, and said beveled
portion being bevel ed tibssth sl gomidhl opfpovies dsid tihlet endlpanionf lsad/ dlededsend23. A

header according to c|aim 22 mhereigﬁggs.annun. of. bevel oé sai d ngeled
wal | is at an exXtOB¥9ToPeingFpRsversread gitpdinplsdiregtion fovird fie {eE 5P ey el ed

wal |, 15524. A NRRO8HeRCROLHAD ed®pSkidh Madite WEERIeD Wl Bl Borfl dnSend2.  25.
A header according to claim?23 wherein said header has a flat upper surface

per pendi cul ar t oplasi grpndicplantethedonpisdind] dirasied of itk ipoertdookani Aeivudess an
end wal |l extendi fromsaid flat,upper surface and, bei,ng jn said e

pl ane, and said 215‘33%?3&651 et part @ f%%&fg’ﬁ?f ?’?Cgﬁ?@ﬁ? R ?l‘rg}fgt &&IFII tﬁ%\tseta(ﬂd
exterior angle QpbhQusal theeMdemBddiant SR taRG] B Be BRcRR RBvRE@! weehn& and
90. 26. A header "according to claim25 wherein said beveled wall has a

| ength greater aohknt flére tuves.ght of said end wall. 27. A header according to

o am 29 uher el Dl O o £BL0ES! LSyl e 08 RBSRBa 1 12

i nches. 25 28. s) ransfer

fluid, sai dniem] ex@naBTERS akPpRpérlidithr 1@ siill updristifacefof Bt akdRt, anbieaid
transfer fluid flow tubes for carrying heat transfer fluid between a heat

sour ce and tevéledporsipnkeing hpvelad foum said el tawpidd thegoolapnlew tubses and ext eri or
o o Lubes, a1 gl QLRSS K28 R ShnBED 1 LR
to said setwfis@PAe@EHS angle § measured from said end plane to said beveled wall,

15 24. A header according to claim 23 wherein said angle 9 is 52°.

25. A header according to claim 23 wherein said header has a flat upper surface
perpendicular to said end plane, and said closed end portion includes an end wall
extending from said flat upper surface and being in said end plane, and said beveled wall
extending from said vertical wall at an exterior angle 6 from said end wall, said angle 0

20 being between 0° and 90°.

26. A header according to claim 25 wherein said beveled wall has a length
greater than the height of said end wall.

27. A header according to claim 25 wherein the height of said vertical wall 1s no
greater than 1.125 inches.

25 28. A heat exchanger for cooling or heating a heat transfer fluid, said heat
exchanger comprising:

a plurality of parallel, heat transfer fluid flow tubes for carrying heat

transfer fluid between a heat source and a heat sink, said flow tubes including

inner tubes and exterior side tubes, said inner flow tubes having a set of open

30 ends in proximity to each other; and

a header having a chamber and being connected to said set of open ends



WO 01/ 31264 PCTI USOQ 41599 -18 of said inner flow tubes, said header

havi ng ¥ h1H1g§4 end portion for receiving said set of 0?@1‘/@%7&1@5 sai d
fl ow tubes and an outer closed end portion opposite said inner

portion, and a roof section; said inner_gnd portion, said outer end
portion and said roof section defining 6§rt of said chanber, said outer

cl osed end 5 portion having a bevel ed portion beveled at an interior angle
with respect to said roof section of |less than 90. 29. A heat exchanger
according to claim 28 wherein said roof sectionis generally flat, said
outer closed endfpeid inoer flew tabesesrd Reader fevieg an lignep ng@aBIoBUORFecEyings aj d

xterior 10" anghi o CpREtar phant BOG ks 38X B! RRBuDaRIE IR oo

exterior 10 ang e D greater anger
according to cl ajafd @8ehier wiriort, Aed headf ssoiine aid Snreer hﬂcﬁbon@ﬁnﬂn(hbutalgend

conponent of water vessel, the heat Kk t t
hegt exchanger I?%T“\é{{l %@dal%wgﬁcgg%ﬁ%la%;?% ‘hpsééia‘g})aﬂ’gé’f S? s f‘l’s?qfﬂ fl ow
t ubes are gener

8 | ?drx%rbﬁﬁgxrgﬁe] BLtleRld ﬂdﬂtr Oo?egv%leﬁ Sf b Qﬁ'erlol'gngg: wifh xlé%?elct ©oaler

according to c I'n sai section 1s generally Tflat, said
cl osed end port imnf feasoraof lessdhavad(°. general |y perpendi cul ar to said roof

section, and sal d bevel ed rtion is.beveled f om sai.d e at an
exterior angle 0%t Hethept ex‘ﬁﬁﬂgeé WCB@F%%FE‘%&Pé PYSFF D S8 rq\NZs?CLECH’arF 90.

32. A keel z%e‘ﬂ gr 9%%%@& d&ed el PoRibnWAS LR ieAd %ﬁélldgefnlefé‘ﬂ’y éreaeﬁdlb@meto

ext er nal ght of 2 V2 inches and an external widths of '/2
i nch. 33. Asakeeiof smberamlcsaar Givalpdtportednais e g2edfremesiard suad wa&raghleemener 52.

34. A keeI co accor di cl a| 31 wherein said bevel ed portion has a
length gileddéfe (t%rr%é tetrﬁlea”‘rfg%ﬁh?esﬁf ’d end wall. 35. A keel cool er

according to clajgn A8heéh@£&1aﬂg&aab@braﬁgfto SRGh I28Nwhéeid @RE hadtl BburcdTs klRkt and
said closed end portion has anh end transverse to said roof section,

and said bgenelatidg ponpirent efkwatadveskelothe daitdsinknid thaapmbiegewatar, legeésald dsiter

" Tengt b cREMHASES SELOMITOBRY rrpon el e BrouT RS SR L ety %ot

the other eRgaRluisdhdrds§iRfion.! ow tubes, and wherein heat exchanger further

conprises: 30 a second header at the other end of said inner flow tubes,
sai d seckbnd 31. A keel cooler according to claim 30 wherein said roof section is generally

flat, said closed end portion has an end wall generally perpendicular to said roof section,
and said beveled portion is beveled from said end wall at an exterior angle 6 (theta),
angle 0 being greater than 0° and less than 90°.

32. A keel cooler according to claim 31 wherein said flow tubes have external

20 side height of 2 % inches and an external side widths of 2 inch.

33. A keel cooler according to claim 32 wherein said angle 9 is 52°.

34. A keel cooler according to claim 31 wherein said beveled portion has a
length greater than the height of said end wall.

35. A keel cooler according to claim 28 wherein said roof section is generally

25 flat, and said closed end portion has an end wall transverse to said roof section, and said
beveled portion extends from said end wall.

36. A keel cooler according to claim 30 wherein said inner flow tubes are
generally straight in length and have a second set of open ends in proximity to each other
at the other end of said inner flow tubes, and wherein heat exchanger further comprises:

30 a second header at the other end of said inner flow tubes, said second

header having a chamber and being connected to said set of open ends of said



header havi ng a chanber and bei ng connected to said set of open ends of

sai d VKL@&%%&%&g PCT/ US00/ 41599 -19 inner flow tubes, said header having
an inner end portion for receiving said set of open ends P6T/USAY 45 hner

fl ow tubes and an outer closed end wall portion opposite said inner end
portion, and a roof section; said inner-éPd portion, said outer end
portion and said roof section defining part of said chanber, said outer

cl osed end 5 portion having a bevel ed portion beveled at an interior angle
with respect to said roof section of |ess than 90; one of said header and

sai d second headdnndrdoimngibes) saithheddef handg 4n fn@ér end @actigit fongckioingkeidtset of
transfer fluid fromthe heat source into said one header, and _the other of
sai d header and <#Fdcadcdrmaidieaddlovnabengdan Siendesed sl ppgion oposite

conducting cool ed,pe; erf[ernagt%h%lé%}ldlh go&ﬂgalfogl? sdil SnrfRE8hd FAUDE SsaidBduter’brigee!

cool er according to claim el n sai et condurt is an inlet nozzle
and sai d outl et qonin dndi ssidaobsstliat deforzd part dBaidichhmbtr, said bategelosaicadr di ng

to claim 28 wherein.said.he transfer flow tubes are generall .
ectangul dr i cmSLItCIAY T Doyl RN EIEH Al b TR AP GPSPECt P Said  hes
15 and external shegsewish SeRftha doaches. 39. A nultiple pass heat exchanger
conprising: two exterior side tubes having orifices near the opposite ends
of said exterior sidencuderid btadenamtiieid sgconddteadar shasingranf Inldt donduip faand

out of said exterior _side fubes; .20, at |east one interior. side tube having
an ori 11 ce near _causE SRS FaimT PG 8 De PEaoPEE Bt ae Rg frean
transfer fluid inh® ofHer @¥tsaidl hea@drdarddnéadd s&ondid&der tHdPBRy ANButlek 'cdhdiBNEbr
second opposi ng headers havi ng chanbers, said first header having neans

for receil¥i ng freendudioacogedhese fransdertfbad roeerdsthehestt spuréd. ui d, each 25
neader Ravi g, an o PO B u3i4801e RGN BUSLOTEH TR
having a bevelfdapPsdid omideeyeiuads i sitlct BsRREL tO
38. A heat exchanger according to claim 28 wherein said heat transfer flow tubes
are generally rectangular in cross section and have external side heights of 2 %2 inches

15 and external side widths of %4 inches.

39. A multiple pass heat exchanger comprising:

two exterior side tubes having orifices near the opposite ends of said
exterior side tubes for conducting heat transfer fluid into and out of said exterior
side tubes;

20 at least one interior side tube having an orifice near one end and an open
opposite end for conducting heat transfer fluid into or out of said interior side
tube; and

first and second opposing headers having chambers, said first header
having means for receiving from a heat source, heated heat transfer fluid, each

25 header having:

an inner end portion;

a roof section;

a closed outer end portion opposing said inner end portion, said
closed outer end portion having a beveled portion beveled with respect to

30 said roof section downwardly toward said inner end portion, the ends of

said exterior side tubes forming part of the chambers of said first and



30 said roof section downwardly toward said inner end portion, the ends of

said exterior side tubes formng part of the chanbers of said first and WO
01/ 3126 VPHIREOr 41599 -20 second headers, said orificeRCHBNMY% nto the
chanbers; and said interior side tube extending to said closed outer end

portion of one of said headers to divi-d® -said first header into nultiple
chanbers, said interior side tube preventing the m xing of heat transfer
fluid in said 5 nultiple chanbers. 40. A nmultiple pass heat exchange
according to claim39 wherein said neans for receiving heated heat

transfer fluid is in enen@hesipidsublifids @pehiAdhed fe cRifbdriiraher incl udes
means in another of said nmultiple chanbers of said first header for

di scharging to the heat seuddeteteoiidutuhesxtendiaasd sgid £logedoutgpengh porgion
mul ti pl e pass heat exchanger accor.ding . to.claj . fu P! i ng
ngaeg?fr $K rhe&ld s 18 diviae saf}ioﬁx]isﬁgeaﬁglgltnto Hﬁh@le &Hﬁﬁ}b‘é%‘ h

neans in said second A chargi ng source coo eat

transfer fluid.. 42. sAdmbhidrRic 10BSpreh@aingeXe hatige ol bammpansiemipid at sdidast
two sets of parallel heat transfer fluid flow tubes extending in a
| ongi t udi hal direct i omultae elnmeiget i ng heat transfer fluid in opposite

directions, 15 gCR AfipRinald R LithESsd RELHALAD claRR 30 XhRIdOLaid il fbe
havi ng orifices for con Bctlng eat transter “flurd into and out of said
exterior sigeeivilpeheatl heut erahsfer Sluideist inbenehafv said) nopeple ahpmbers e amh dethfeor

conducting  heat transfer fluid ipto o ut of said interior.side tube,

sai d i nt eri giclugeymeansyngpker ‘E)fgiaffgm&mpjfcgﬁf“b?@ (gaséﬂ #Hftﬂéetafierafﬂﬂdlﬁf &and
second oppog] g Qﬁ§9$£§c&ﬁ¥%ﬂﬂtﬁ?%ﬁ§g%ﬁi each header having; an inner end
portion; a rooP section: 25 a closed outer end portion opposing said inner

end portdon, saktl @l esbiplopisehes rechpoptr aportibngitoglaam B3&ead durtiprynngleding
bevel ed with respect to sa

R AR TERL SR TR O S
42. A multiple pass heat exchanger comprising:
at least two sets of parallel heat transfer fluid flow tubes extending in a
longitudinal direction for conducting heat transfer fluid in opposite directions,

15 each set of flow tubes including:

an exterior side tube having orifices for conducting heat transfer
fluid into and out of said exterior side tube;
an interior side tube having open opposite ends for conducting
heat transfer fluid into or out of said interior side tube, said interior side

20 tubes being adjacent to each other; and
first and second opposing headers having chambers, each header

having;
an inner end portion;
a roof section;

25 a closed outer end portion opposing said inner end
portion, said closed outer end portion having a beveled portion
beveled with respect to said roof section downwardly toward said
inner end portion, the ends of said exterior side tubes forming part
of the chambers of said first and second headers; and

30 at least one separator plate between said interior side

tubes in at least one of said headers for dividing said header(s)



of the chanbers of said first and second headers; and 30 at |east one
separatQr plate between said interior side tubes in at |east one of said
header sM&OM34#4% di ng sai d header (s) WO 01/31264 PCT/ USOO/EAIEGY0/415? j nt o
mul ti pl e chanbers and preventing the mxing with heat transfer fluid
between said nultiple chanbers. 43. A nRltiple heat exchanger conpri sing:
exterior side tubes having orifices near the opposite ends of said exterior
5 side tubes for conducting heat transfer fluid into and out of said
exterior side tubes; a pair of adjacent interior side tubes having
orifices near the respectiyg nfiMgdie fchGinBEsi dhdOPRIGAING el RGtih@nsitavayt f rom
each other, for conducting heat transfer fluid into or out of said
interior side tube; and 10rdnstesfludigteccasad roppplsichgnbader s havi ng
chanbers, said fj,rst. _h e havin for receiving heated heat
transfer quid,‘gaéﬁnﬁﬁgﬂ%éa%ggﬁﬁggrgﬁ%Pﬁﬁé' end portion; a roof section
a closed outer end pagxtdrion sidp ek hgviggiotdficesnenr trdppasitients ofsidlextdHorc| osed
outer end portion having a bevel ed portiqgn beveled with respect to  said
roof secPion dowfral8es o sradurtiagingat wansfer dhad pap1ang Put vh 28 fFLETHr Sidsyi d
exterior side types. formng part of the chanbers of said first and second
headers, said orifices opening into the chanbers; and said interior side

t ubes extending to sa paicbbHsdjacenttreericesiepmbes havingyf osfaied neaadie rsspe@ivet o

di vide said headers into. nultiple. chanbers, said interiotr side tubes
preventing the SRXiffgoHM H@?ﬁSR‘f AHRLDS af“f%%“ﬁ(f@%@ﬁ‘e ’hf{Qr &ﬂ%ﬁﬁé?%%egt d

means for recel g AiGoReal: oliRNikAL ddtubleapiering one of said
chanbers and said neans for discharging heat transfer fluid entering

anot her 16f sai d chanbfstsand second opposing headers having chambers, said first header
having means for receiving heated heat transfer fluid. each header having:
an inner end portion;
a roof section;
a closed outer end portion opposing said inner end portion, said
15 closed outer end portion having a beveled portion beveled with respect to
said roof section downwardly toward said inner end portion, the ends of
said exterior side tubes forming part of the chambers of said first and
second headers, said orifices opening into the chambers; and
said interior side tubes extending to said closed outer end portion of said headers
20 to divide said headers into multiple chambers, said interior side tubes preventing the
mixing of heat transfer fluid between the chambers, said means for receiving heated heat
transfer fluid entering one of said chambers and said means for discharging heat transfer

fluid entering another of said chambers.



