;e3eXtj 6T| S2 6 APR 200 -1 HEAT EXCHANGER W TH BEVELED HEADER BACKGROUND OF
THE INVENTION Field of the Invention This invention relates to heat _
exchangers, and nore particularly to heat 5 exchangers for cooéinafﬁng&ﬂgs,
generators, gear boxes and other heat generating sources in in BsAPRa

appar atuses having fluid cooled heat sources, such as nmarine vessels. The
invention nore particularly relates to open heat exchangers f T E
transfer tubes are exposed to the anbient cooling or heatingmmmﬂﬂﬁmmmmﬂmmr
than being in a shell to shell container holding the cooling or heating

fluid) used for cooling heat 10 sources. .w e Bl i anger ¥%'8Y e
efficient, and thus have H BEVELED HEADER ' her heat
exchangers known in the art. Ahi-dROUNE & Tiokchanger according to

the invention could be used a : rein relattvely cool fluid
absor bs heat thelusflthé heediidat transfer tubes. Description of the Prior Art
15 Heat generating sources in ipdustrial applications such as rine
vessel s are often cobf e‘BVWW/a{egﬁte,s 1 het F’F"@F‘&ﬁfrsma"a/a'f'gf Pﬁ'ﬁ‘é'ﬂ% 'R BfHer
fluids. For fxfi{m erd For"@olifE ehEMeE! genbififts,| dbaf b6%d? aal @therahéht Qienératihg
water, the cooling Tluird or coolant fTows through the engi ne or other heat
generating sousascestinriadustrial @pparausesphaving flpidreogled heatisquikes, sychyRs mgrine

anot her part of the umnbi Circui r rom
t he cool ant to"etsﬁegs‘a%? gﬁf’“ﬂ’ﬁ‘r?’%’%ﬁ&% %nggﬁs%%ﬂegégu eﬁgtoéd{? o% t\%/a ernlzfrgleav\hi ch
the vessel is #afsireabesafrexposedito eiegimisient coolinp ercheatirigthud, drathe thas béiog isnal |
boats, anbient water punped thr(#gl%h

1 the e ineis.aﬁuf{icietCé}ol t.t
However, as t he shelktethell sppiainge peldinegibe cop @y hea 'é'ﬁ usgd o cp et
thr ough t e engps Tiberc 4l HakColRateRt hiiCerfbieht, GRPLIAMAOE 16W& Gi8ighD and DU!
al so serves as” a source of significaht 25 contam nation damage to the
engi ne. |f rawolaibicentparedte vthee heat esclingers koown iththearigi Altemnativelya i beat

water would carry debris and, particularly Jif it is salt e pve
chenmicals to t‘ﬁ%’%@?ﬁﬁ ﬁ%’.""‘a’fl'i'\‘-'e'i"etg?)f”é{,emf%‘i"@y% e‘%%sean*“&e"-&e‘Y h\oé%é {:e\}%tﬁ%f u§030
appar at uses f ofj;;jaQ85drBShR0HroRh theKkabirhdferiatits. Sour ces. One apparatus for
cooling the engine of a vessel is channel steel, which is basically a |arge

guantity of s th h is welded to the bottomof the hull of a
vessel for gonveyin 0GP SRS ifi ISt SAicaigla BRbs hiaff Yoaerogt ant
to the anbi lgs(r)lt wat ergéﬁgg%ne g(%ee lﬁgs severéﬁl l2 6 APR 200 _2_ © .

linitations: iéftémscoobsdyby watér,iothierfuids e qeaterimiyediwith other fividsinFoogxample(ini n

order to obtain the required cogling effect: it is_ ven S| tach
Co a vessel,  sMARR yessig uteogn TRg) e ity e §50ibe JREGYfint Bofs 2
operation; siNggoHRoMEehgifid BF biteP h R éntiBfMY sourdtewheig itieecodlant pioks prigat,
enough to carry the channel steel, rendering both_ the initial StEES%Q nt

f 4

costs and the apkthan ifleys dognathercpant of; the plumbing airqiity Thedieat mutide G nes
of today arg, rgqui | i 1

capaci ty o 1h GRS LpifauiF oA e QRS SR tietod) SWalcE R WIS e
it; the payl oagessélfigivichtgd.i Borckwallemgings, sublead autopardimotons fopsmalhbeats lambient| i s

expensive; and finally, channel steel is inadequate for.,the presgnt
future demandsWAtF Pugted ﬁ‘bm\‘rg'ﬂé‘}‘ne%?ﬁ 50 SP Ef“@ggg pt- Ii‘bwﬁ'\?gnastﬁ'gu‘éﬁ%&q
channel steel {)&Wétﬂfénﬁﬁé ety pdry aribieft WASE p@sdaanoeagh theengins aay sonthmgnent s

of the marine Tndustry are abandoni ng channel steel and using snaller keel
cool ers for neprovisesgoad coalingt of dhecenging bwcalse (FEEVaS 38 A seyree Pf cugnifigant A

keel cool er s devel oped in the, 1940 [ S rd i No.
2,382,218 (%ﬁal ﬁ‘%‘l‘?‘ﬁ’r?ft.‘gnrﬁﬂ“ﬁrtﬁs?w JRFB& gg a%egg@?r&e‘gﬁgrd‘ﬁéergt&gfé Eﬁ‘ggﬂﬁ&f or
15 attachment pgpide 'é iaRfdicht Iwatért woeld Usaerynbiibeis dnd, partipdlarbyd ifoft ia saHi wate,
spaced headers secured to the hull, and_a plurality of heat cqnduction
tubes, each of caunsive ehearealeéq ithsnengine. e&haw&rpaﬂzer%mvewee&tdeﬁﬁwét St he

headers. Cylindrical I g n Hud
cool ant fl ow I?Weaga e%?? g&#%@% %‘%EF%? ﬁgd téﬂ‘gf E%Qt (E)?&g%gh?r}k%g%t soﬁoﬁggélﬁo the
cool ant | eavesesigife 6Ngiveeel igohannelnsedlwhich ihbasically e iaregquantty ofeshaped stealat ed

beneath the water |evel (the water |evel refers the water | evel
preferably 3l WN@H&W&@Féf%@e\hﬁF@F,Ofﬁ%h“l{)@{*’owsfq&ugmlcwwnﬁﬁme Fooiant and

bubbl es occw), . &i [ 0 I [ a5 Qa0ére
si'des.of the hiLting HEACRH, hE ROt cflhe inba AR, OBME) siiihas 0t
conduction tubes and goes to the opposite header, from which the cool ed
coolant returns to the engine. The headers and 25 the heat \nmmm‘mmmjbes
are di sposed in the anbient water, and heat transferred f‘roﬂm ,
travel s through the walls of the heat conduction tubes and the hLgaslers, and
into the anbient water. The rectangul ar tubes connecting the two headers
are spaced fairly close to each other, to create a | arge heat flow surface

o o o, . o o, T o C oy




The foregoing keel cooler is referred to as a one-pi ece keel cooler, since
It is an integral unit with its major conponents wel ded or brazed in place.
The one-pi ece keel cooler is generally installed and renoved in its
entirety. There are various varieties of one-piece keel cool e Re00hes
the keel 5 cooler is a multiple-pass keel cpoler where the headers and heat
conduction tubes are arranged to allow at | east one 180 change in the
direction of flow, and the inlet and outlet ports may be | ocated in the
sane header. Even though the foregoing heat exchangers wi th the rectangul ar

heat COnduct | o P B B B B0 MR 15 e B B

over fifty 10 years ago, are
present invent neqwre‘ﬂha)oﬂmgtemguhta:rs \hgaéxpmﬁhahgaﬂ&mfo & hessel,i Qhcedit Imiba\HR

the outward sha an r paral | el epi ped having headers at their
opposi te ends. ‘?ﬁ@g‘LO}{B&g‘é‘ Z HB%‘}SHGWP%ISI‘%C e\girrne! giegl is very heavy,

per pendi cul ar t a?ﬂﬂh 0 ag‘.Fh act
as a barrier toﬁgﬁgiﬁgﬂﬁ d\?\}afpéelra}ébee %éﬁﬁat I ve ?gﬁztﬁlhae%ggéeﬁ ref e§ as ﬂt"ehgd?t%
vessel with theqbipmentrestoangkthe bpemmigscdstsrwqglmghhthcvlugexr, mo'qu:omerfplemgimssl ar
header wal | s ar e spon5| ble for t at i ad s ots (lack

anbi ent water f9 (5%39 Y SFE AW tca'é&ﬁ‘ﬁiiaﬁg ﬁ%‘?egk%f ’ﬁ‘glcé‘ Yy %‘Hﬂ)ﬁé
the anmount of hegiivély ébﬂ&ileﬁmeﬁﬁbﬁfrﬂoﬂﬂl aﬁ thmuﬂezadcaiemts thd Paiddil t&ﬁ&nytlbe
perpendi cul ar wal I's diminish the fl ow of anbient water between the

conduct i on t ubel§cregsedethe r‘%!éﬁé@9mér°fdh4nhnh seed is expensiye; @nd finallpochiansel swztll ish
can be transfer | e

As di scussed be %%ﬂﬁ%g&g@%.?&g?ﬁ{a fga&c aéh&'{arglﬂig&tg g@“ﬁ gﬁtﬁ tréré'geve(g tl% he
overal | heatl0t r Bvaf ¢ghough fahenrehcsyeebis tliee most widebp lused dxeau)exhhaggérOfdr heessels,

I nvention, since the aphient.wat d.to flo s and bet ween
the respective SREMEN, ghHg Sparing ‘f‘ﬁﬁ@’! é??ﬂg?"r‘%c V\‘h?-f'%\etvlvaaf‘gﬁg’rgeﬁma“ef keel
substantial l'y ngieerfo;ﬁwcéﬂsu{l&ﬁmk@sbere&% fik 1.9{@&85'; ¢iled%arlel N9 used. This
increase in heat transfer is due at least in part to the increase in

turbul ence in the flﬁokﬂthOdnbwmcvwlapeduame@Stm lfsaiemxbddhnéﬂ&ermile ong

and between th n e of th ortant a cts.of ke
cool ers for ve?sﬁ{icﬂl§ teh'es ui ?‘i‘ﬁeﬁh eé\/r?"éﬁ}ég‘ﬁp aﬁginﬁ’fqha%ﬁ?r
on the vessdls asaamrtdematmlhanfsuhénﬂelwmax mc@mwbﬂep%ﬂdt‘m?héedheaaers
exchange requirene ni m ze ressure drops in coolant flow The

ni
area on the veég‘éirechfﬂ }hcaﬁﬂ"e gnd 2 gl tYt‘bf heat sanfivgHeR tubegeachcofomhese; qoss-
referred to ingkdiRn is2rebrafififfar? Qfich €xtend between the headers. Cylindrical plumbing

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.



art as the footprint. In general, keel coolers with the smallest footprint
and | east internal pressure drops are desirable. One of the reasons that

t he keel cool er described above with the rectangul ar heat conduction t ges
has become so popular, is because of the small footprint it rehbi ABR mﬁ n
conpared with other keel coolers. However, keel 5 coolers according to the
desi gn of rectangul ar tubed keel cool ers-presently being used have been
found by the present inventors to be |arger than necessary both in terns of
size and the related internal pressure drop. By the incorporation of the
vari ous aspects of the present invention described above (and in further

detail Dbel ow), keelThQ%’t]egtﬁﬁg RAY bélerSSRdferRdd t ok Phé-plcte kel chole sincaltds aml
pressure drops are possi bl e’ '

These are 10 nmmj or advant ages_of the resrnt
i nventi on. Wentegml umipWéhixamjo(ragmmneytStw@d%Ja@r azeddn plage| @%O%@eg“pﬁe fied

for the present state of. the ar a : differential size is
requi red when c%ﬁb}fr%ﬂcrﬂ)ilst? %J%‘Fé%gﬁ%iqﬂ\%%ﬁ% . as described bel ow.
SUMVARY OF THE | NVEMELONe Wariblis iverieties @ifjonetpicze kekk cpolesenBometinaen thenkeed
provi de a heat exchanger for fluid cool ﬁd heahgaaour ng{ﬂwm CH IS angg | er
than cor r esforreples ierultiple-pass kesl soolsy, Where (theheadfts 498 Jieal-SONAUGIpR tubes are
capabi |1ty ANQLASL ARG at Yast Ot 140° RRMlge!if (B dirfioh Bf Hlow? Y UkAnRA and

i mproved heat EXC anger ftor [ndustrial aépl | cations which is nore efficient
than heat exchalgepdits2fayedscrddliy tersamn head¢rused. It is yet another object

of the present invention to provide an inproved one piecg h apger
for vessels which iEveromeugh f Eit’i’Fﬁgq"ﬁ Ill?g%t ef&?ﬂ%?rﬁr&?tﬁaﬁmp?%é%"%?ﬁg %gwn

one- pi ece heat SXGHRAAIEHS: hﬁeféﬁyg@@ rwigBisfread use siacrthelt Getraticiio boarefifty
one- pi ece heat exchanger which reduces the pressure drop, of ¢ool ant

f1 ow ng t heetyeatsiagh, they liave shastcomirjes othiddy are parmgsiedsyithe PRESEI ASAUO ¢ o
provi de an i npr ovedg%nr?- ol ege h@gt c%%Qﬁ%%e Bﬁgﬁl Jale) hge@[hep&ﬁa%taihgpe g,pges

whi ch are rectangul s-sectio aving a length which is reduced in
size from the feetangiMr pagilelepiped hangey headers dt shainoppositel crdsbi Brese headers avew

ne- pi cco. heatoRpRBRBIbMalls Y ¢ PEREOEHIE: Bcioe ot 4 bs SRreCRIC BRI ey
erchangers, o SETBHAUAA 0S8k RPN BtinC el e o Bagachatyus by
the size of1% heesselilveith the heat exchanger travels through the water. The perpendicular header
walls are 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



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
whi ch has enhanced s durability conmpared to keel coolers prese%éy ?ﬂ@ﬁf
market. A related object of the invention is to provide an i npr o
exchanger and headers thereof which is capable of deflecting debris nore
readily, and for presenting a smaller target”  to debris in the anbient

wat er. Anot her object of the present invention is to provide an inproved
one-piece i0 keel cooler which is easier to install on vessels than
correspondi ng keel coolers presently on the market. Yet a further object of
the present in¥&rsithe fpetprint. pln genrsaly keslccogless avithethe smallastnfgetpriandnd: ldastader
havi ng a | ower . wej e . owper st..tha rrespondi .

one- pi ece heat mﬁ%ﬁ%@%‘?@%&e\gg{éﬁw{}%ﬂﬁ' \Sgng .0?%58 ri%sgf‘ﬁg‘ragg’ﬁjkg?tc%gr ?%8"*’“1
present invent alveiwith the pectarigdiar AeAARendctor tibeshashecHind §epopuldt, RBEHRESOT

t hereof havi ng_ rect ul ar heat ,conduction tubes having a | ower pressure
~drop in cool anihestBﬁn'r}%@PFﬁF B deAisen dhap sempared wig ther H‘&%‘ oplerse skemerendetleat

exchangers py esgyirb %cdoP@NP 1o ﬁﬁc&cgg} Co‘rf]' P&c‘gﬁé'n?uffa%tlfbgg kgélec%ﬁm'sf ﬂr@ééﬁ% baﬂg gsc‘edt he

provi sion of a one-piece heat 20 han r a vesse or use as
retrofit for phaveibses foundrby the ipeasentriaventars ¢0 behrges thdnamagessary\totlcin tesnhd of

Grope than- t heSpr 11 OF Reled B Rt T Y ARareRBR Dot e v gapects

requi ring addi éf thegreseRtffveh@SH déRABAE 8bove Qamt P FIFRHEA dEtaR HRIRA! Réel RB&Ers
output. It is another object of the invention to provide an inproved header

for a one 25 phaving spaller deeprngandraveninteradltiesguteadrops ae possibleoilThesth are.,
Anot her obj ﬂ?tmkj%rk@vaﬂ gggpmgprésgmr-'ﬁ\)égg lpeader for a one-piece heat
ar ant T1ow ¢

exchanger wth rectangu [ofo]e) ubes whi ch reduces the dead spots
whi ch have her et of oWhen etlilipld passquiatly two pass) lesel cotiderb adeispécifiedfor the@ragece

heat exchangers, t dead spots redugi the fl ow of anbi ent water around
and between th%"“ﬁ82%?“%%&7@@?%8’@2‘%‘%"’?3&%& rB‘B}‘@?thE‘PP qompared\ et then i s
to provide an preRnPieentitigdslestAbedoeddile 2 6 APR 2004 -6

SUMMARY OF THE INVENTION

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



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

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

obj ects which could damage the keel cooler. It is still another object for
the provision of a header for effecting increased S turbul ent f2 BV\A?Q an
anbi ent water flow ng between and around the heat transfer tubes. Tt i n
addi tional object to provide an inproved h&ader for one-piece keel coolers
whi ch enabl es the anode for such keel coolers to be less likely to strike
debris and underwat er objects. 10 Another object is the provision of a keel
cool er having a smaller, and nore streamined profile to reduce drag as the
vessel w th thapkiRly, 5@ fldatingehedengdtin bOme hedttfansfePiubsy, thédufiiber SF10bdyndRP] eCt
is to provide a header for a one-piece heat exchanger which provides for
enhanced heat thxgirapfdeseheseen the cool ant and the anbient cooling 1S

di " i _ : . . . .
provi de & one- pi ece AuLrHoRERke ST e Rhe B RRTE BT no bl FBb B P fra
and effective exchapetifhacingr ectanghlarsshapéd heat olmducticn tabes Widcloiias aphaicedt

fromthe descrjption to follo nd fromthe appended clains. 20 The
i nvention t h‘?’rﬁ’é‘“’&'ﬁ?ﬂlt?g%?iF%‘H‘“’FQ’?F‘F‘B’C‘E‘E@"i“?’ Lone- pi ece heat

exchanger, i.e. heq&razfea%ep:ewftn@mvaqi&nvwt@ﬁ@@{%%m folePhéit bXth@RgeRlandM t D

coolant flow tubes. It Is particularly applicable to heat exchangers used
on marine vesdwehdersthediof onhscheid camableiof defleqiting ldebris morgtreadiytansd forpreseatispa

cal |l ed keel cqglers r) .heat exchangers according to the present

i nvention can Séﬂ“‘?‘ ’8@‘23&%“%}“@881’& i ph"g%f' 2S generating sources (or

heating cool or colAndtheti éhject of @ienpreseht ii@hiion s GUSBVIAS ah ikipfoved dhe-pitde

scientific equipnent, and therefore the term heat exchangers covers the

broader ded®r ikse} 6poler wineh i easies tto ginstall cone yessels dhan comesponsing kel hegalees

i ncl udes two Bfﬂsqﬁﬂf n opg or nore coolant flow tubes integral with the
g eef" Coo

header. Altho ers use anbient water as the cooling nmedium the
broader term for a Yead ifurtherobjetrof thegpré@nh éaiensomis torpraviflé ai eheklpiede kdank .

2 6 APR 004 BRI EF DESCRI PTI JTHE W NGS  FI GU 14s schenmatic view
of a heat exc/AERRANEEH AN ?/k% %‘:’H“‘gh%mférwelﬁt'@éﬁf“?tjgma%eae“\% eé!f“bf an
engi ne for a \efeflondmy dhd-plece ReatRk&aBgdiS Plesaiiylifiseaccording to the prior
art installed on the vessel and connec%ed_to the engine; 5 FIGURE 3 is a
pictorial JPew of aAnathér ebisttepl dag Bresenlyinvention iprtp oprovide ;a onEpiREe shdag g
partial pictorg} I f Lal! t'i?t\ﬁﬁ¥l e r . 1Qo. of . t he
cool ant fl ow te&gdéag\égf%égglﬁgqeglég%géke%rﬁgoro er asc}cgérlgicﬂlgdﬁ? %@'} %%)rhlgglrngaart ;
FIGURE 5 i s alowerspressact dropanh codlant/flofvirg thoough elre ot exchangker thew carespomdingli ng
to the prior rtt, snowi E%pa hﬁa er and part of the coolant flow tubes; 10
FIGURE 6 i s a SPECNESELREERYY 1™ partial view of a portion of one-piece
keel cool er accor di AMbth& $Hj&t iof\deNplcSint iRabM s thelRaelsion dPd dirldiec@f hdahe

a

coolant flow tubes; FIGURE'7 is a pictorial_ view of a portion of

one- pi ece RBelexekasniger force yesstln dor wsetasea retmpdiitfpoprevigusly iptalled ooms-piese heahy ;
FIGURE 8 is a_pi | A4l I . ubes
of & 15 one- pioacEhibliidy Fil Sipls HETRERNIE, Bl Boerdilind AR Bndd Bler
side view of paessurefdropethap frpadot &nitsdwitiout RequirtigRiddRiondl| plidhting, (briréquiriig ont
view of the ap gratus shown in FIGURE 8, FIGURE 1 | is a 1Bartial bottom

vi ew of the aﬁg itiong\spatrifAvirementseigecemmedapperepter heat uiphlye i ew of a

portion of a headery ACGH{Ir RBjebCoflRE idveNEsH io%}o%ge 55'%&:‘8%& RéGdéd Waldnees of
anbient water; and FIGURE 13 1s a pictorial view of a keel cool er according

t o the inva@ht ipiece hemsarRh@Pehavitig re¢tanguhEcosiRRIlawmbEY. VENTS The f undanent al
conmponents of a hea changer .system.for a.wat er, qoi essel are shown in
FLGURE 1. The oysr AUt GHES i Hbdrouds mp improged, dadt P 3 nc-Piske Snial

pi pe 5 for coryeNinger Wi fRetngiff! @blanf 16W fiB& whRkH réducds {he deadlspax aiagaper

3, and a pipe 7 for conveying cooled coolant from heat exchanger 3 to heat
source 1. Heathavgheretofareagediced the haat transfercapabilijesnfrone-pieco heat exchangesstthe

source for the_vessel. at exghanger .3 coul d be one-pi ece keel | er
(sinoe onl y odekd 38e e BE R Hmblert ShiE bl et B ERlen 8 1
only refernedtisesherein as "keel coolers.”") Heat 30 exchanger 3 is |ocated
in the anbient water, below the water line (i.e. below the aerated water
line), and heat frdnfumheripbiectefotheimveption isatagmreyidean imprevedhhaader fap e ogeof

2 ~ APR 2004 g _



heat exchanger 3 and expelled into the cool er anbient water. FIGURE 2 shows
a heat exchanger 11 nounted on a vessel, for transferring heat fromthe
coolant flow ng froman engine or other heat source 13 to the ambi ent
water. Coolant flows fromone of lines 14 or 15 fromengine 13 26 ABRI2004
cool er 11, and back 5 through the other flgw pi pe fromkeel cooler 11 to
engi ne 13. Keel cooler 11 is attached to, "0Odt spaced fromthe hull of a
vessel . Keel cooler 11 is shown in a prior art form A keel cooler 17
according to the prior art is showm in FIGURE 3. It includes a pair of
headers 19, 21 at opposite ends of a set of parallel, rectangul ar cool ant
f1ow tubes 23, Pise& ker) coples with recianguaro®olanti flowdubest by ireducingothe liktiliboas sfd

below). A pair 7 .conduct coglant into and out qf, keel
cool er 17. Noz%%%é}gé?ﬂe%a%a%oem E%nﬁd{ré | %Sa?"dtctﬂﬁ(agla%?iﬁf °€’b‘3‘fffe‘§}f‘8$§°‘§ damgee ong
ni ppl es 31, 32thatketlmwoknds of the nozzles. Headers 19, 21 have a generally
prismatic constructhﬁn, _ﬁnd %gei@ ends 34, 35 are perpendicular to the
paral l el planes in s SHltanathgn RIEctfqr theoRfeyision (of Ackeader for altesting ingreased
located. Keed sppli&t flowict (HOARBIENE Wale? fidWind! Bhiweef aRd ESiH | ch
nozzl es 27 and 28 exten‘ﬁ. Large 15 gaaskets %% té"?e eggﬂ ave g{ﬁgﬁ%ltlg%nm
agai nst header®b¢9 21 respectively, and the other side engages the hull of
t he vessel . Rubber shers, 38 9 .are dispgsed.on the . inside of the hul]
when keel cool er 17ﬂﬁ§ RS détfqnég"laﬁc‘af"\}g%%‘g? f’f‘dﬁﬂr%_&&“;ﬁsﬁé@eﬂ’éﬁ“g‘fi
sit on rubber y&uidtewhiciBnaBRs tRiknsddor sdch kedhédolers ¥PHERES Mkay %o SRAE dbbAM
metal conpatible with the nozzle, screw down on sets of threads 44, 45 on
connectors 29, amghundgrwaternbiects he gaskets 20 and rubber washers agai nst the
hul I to hol ¢y keel ¢ ! hul | _.penetrations, from
| eaks. Tur nlpong to F i'?’“%qégi#{lﬁ'g’ﬁ%g'r‘g‘g@‘%éég ?lgﬁh%)*lg% ﬁesr%%ief’e?ﬁ'{d Y&
cool er accor di stieamiined prqfiie Grredude deapchsdispvesset evithnthdkédUBboler mosesstheigh theeel
cooler 17 is conmposed tof the set of parallel heat conduction or cool ant
flow tubes 23 ARAPh¥*fkader or manifold 19. 25 Nozzle 27 is connected to
header 19 as descri paghkebejdet i&lqaﬁ@i?'@a heRien kR &é&i-.-&lﬂ@m%}'%ﬂ Plyhich_has
as we

threads 44 as described above, as washer 40 and  nut . N pple 31
of nozzle 27 iBroNiiepdon onhanegdoheap exchahgiebetiveen the asblant and nhx ambied® codlingh
ext ends insjge ) er 19 has an upper wall or roof 47, outer back
wal | 34, angsja"%gmérﬁc\%’vaafltﬁgr' fl oor 48. Header 19 includes a series of

fingers 52 which arA pemealnsidecei dfhthe gaeseat inventich isubepraddde anenélpictd deat
spaces to receiv 2 S a~R 200 -9 Referring

ends of interjor tubes, 25. 5 a;
also to FI GJREe’g:,%aW'ﬁr ew? g‘ﬁ’éﬁfé thezeaf which i pflictentand effegtivg inmanufactyrg gad use.
section, header 19 btek BBjects Wit BERMedBparbit!foRethe ALLcHBAEN AOFHOWRAR
fingers 52. End portions %% of intereiaaglr) t ubes 256 ex({ngnd throough sﬁ% aE:hec 49,
I nterior tubes2pPsndgdclimszed or wel ded to fingers 52 to forma continuous

surface. A 44 ange 5 . . s.an.ipsideori.fice H7 through which nozzle
27 ext ends %dnd is p?lée\?ilgg%’%?gpghe f?lhng‘?ss%%'c‘f?{'mh&zq% c‘fg 1Snga°'b6é?'ﬁ‘é°n(5‘F?}ul ar
posi tion on t hexchengtey i.d heat-t:th@pemtha?ii@ag@Sheadérs iwhicH aRNMtgral | vatle cSstaiin

t he under si de gf \/\%ﬁ? I n the discussion above and to follow, the terns
"upper”, "innet®W Mubrswihay Rprticulazlyappliable to deatrexchangers usedion masing igasels ageel
cool er or headgie@Sed/LaHE whithin it SRSk Are 1o RANS KA cB5ied O Mdleled hEHRE
5. This is done realizing that these units, such as en used on water

goi ng vessel s, exshangess aceondieg torthe Ipessentdimvarttioh hanvalss bk, used foncoblitgl hea t he
fore or aft,end of the hull r variqus ofher. positions.. Each exterior side
wal | of heatrer STETHHRE SGWESPS @ége%\ﬂgém e‘%&cgtdi @Pdﬁf‘ ohfr sptuations sueh A indystiial
one of which ignd seémc ent! "Bl dher&fdre e Trid Gt AxchhRger® ¢bédrs e

extend into header 19. Eéldl&al*RnES 4.ander5 rshO\(;'v bot h si’((jces g?‘ out Srls de H(} gévvall
61. Both si desdeseriptioneef the prodhét digussedherbiowd he hedtleliRBger includes. twa headery| ar

Cect angul ar Bk S GERBRCeRl Wo9' ks el P 1B bead. Buboiarie el e

f1ow ng t hr ougisetdnebienttvedtéleas ithideoolifig he@fund te Kbadef RHATor® codlihg! Mbdumasar d.

nozzl e 27 c% either be an inlet conduit for receiving 20 hot coolant from
the engi ne #hokeat sinkgr adlujidheatsipled by the arrow A in FIGURE 5, or be an
outlet conduit for receiving cooled coolant fromheader 19 for circul ation
back to



t he heat source. FIGURE 4 al so shows that keel cooler header 19 has a
drainage orifice 71 for receiving a correspondi ngly threaded and renovabl e
plug. The contents of keel cooler 25 17 can be renoved through 8r'£h0ﬁmgl.
Still referring to the prior art header 19 shown in FI GURES 3 2 Sh t n
be seen that outer back wall 34 and floor 48 are fornmed at right angles.
This configuration has |ed to a nunber of'arsadvantages, previ ously
unrecogni zed by those designing and worki ng on keel coolers. First, by
havi ng wal | 34 perpendicular to the direction of 30 flow of the cool ant

t hrough the tubes, greater pressure drops occur inside of header 19 as the

cool ant becones chaoti cal | y BRIEPDESGRIBRION OF BHE BRAWINGEh t he cool ant
flow 2 6 APR 2004y - .tubes at. varyi flow rates dependi 0

resi stance. This Ieg@#g 1gs ﬁé‘iei’eP‘@H%X‘ﬁ"yo‘?ﬂi At §XG ﬁraml‘?‘n&%segfm H%avfaqer'
transferred fromt h?l(ﬁ@ﬂt@nfslalt ﬁgﬁ%hﬂhﬂ%néﬁe Por XedseCRAVIIRY a bhe-pick Ikeel

respect to the outside of wall 34, the vertical wall acts as an obstruction
to the flow of cauitriaspardingite the paiod au instalied lon thet vessehand eannegtedstorsheengingat er

which is ablg to 5 t.ween and .ar . i LiqQn,. vertical
wal | 34 ser vsgs as aﬁimﬁd%ﬂ’%ﬁ@nﬁ“ﬁ‘égﬁg&?wﬁgg%ﬁ%ﬂhgtnotaﬂ%{dg%ﬁénd absor bs
the full inpact of FlIGUREMR 8 pheialdliceridl vigwobdfnpartidllydmrawsy headérrund lageition
cool er. Mreover, having wall 34 and fl oor 48 definjng ri ght angle

i ncreases the afr'beﬁ?OlW%%‘t‘@NS&IfaGE@H‘eF@F“k@F“é%F gtf?'l,ﬂemr@ﬁi adds to its
expense. . Mst kee - r - | ck&ler 4Qbrday® 10
ot her material havi %&‘gﬁ}ig’%é‘aﬁ{ﬁ%ﬁ%ﬁi’o r?%gg@?%%wgﬁ FESE a rerl ati {/el y
expensi ve mat ethiegirior hn, shaddiing Dheadai apd iphitofitite cdolagt flaw tubesit ed by t he

resi stance which th i cal |1 presents to. anbient water..This
restricts tHe flow %ﬁ%ié‘ﬁ@%&t QPESt‘%CF?{@iWéﬁF%%g r?g%orv%‘égm}?fp'?%ekcﬁleel
cool er, and ad@éol&%céaﬁm%g@me%vehmmmﬁéaa@ad&:tan %@ 6f thb cevlgnt floheubeay er .
|5 Still referring to FIGURES 3 - 5, gaskets 36, 37 are provided for three

essential purposes: FIGURE %isapictosialvigwof apartiop of a ene-piegs kegbopoleg apcprding to
corrosion, (2),th l.in. 1 nf | tion of anbient water into the
vessel, and (3}"?%%@8%’%%%% CP‘Ir%aﬁ] fer in the space between the keel
cool er tubes and t hFIGUREM ishpidsrdviengofa lithddr and parobf the paolanti flow tubesmfen
t he heat exchanger and the vessel, hultg, .allow ng anbient water to flow 20
t hr ough t hatS sgRePieceesk geolerageording tothe UNERNOR| | v made from a pol yneric
substance. In typi caGEREUALLARE vie 3f #E appifati SRR IERIURDS; quar t er
inch and three quarter 1nches thick. Keel coo?er 17 is installed on a
vessel as expl ai ned RGURE. 10ike frphtondy afthe peparatusshows indfIGURES:t ached by

neans of hoses to ni and . 29 i gnnect or
30. A cofferdam or g@ﬁb&éé{1seﬁgzﬁ@rg?%o%lﬁ(élcéggg&dﬁpbg?&gggiﬁ%ﬁﬁﬂs not 25
shown) cont ai ns bot IFIGURBOZ isi Dsidobietvhe aymrtidreola header angordi} wi the gtviegtion

inside the hull. Sea chests are provided to prevent the flow of anbient
water into 2Re shewingthefowliges plambient Watssi a0 he severely damaged or torn
away, where anbient paiRE WL JicRiAPVIbv e a kédPBookrabedrdibf tothé Rvehtionl | on into
t he vessel at the pepggtrattllsgn ?gcatl on. Referring next fo FIGURES 6 - 11,

the invention in the precDESCRIPE HE PREFERRED ODRMEMNHSodi nent
i ncl udes a keel cool.er

R 1% SR A D
0Q wt flow tube [ rofluid
fl ow tubes, since in oﬁ’@g‘i"ﬂ?’(“"gn“é’w{‘ P* ﬂ%&a‘n%’ﬁf i{& & %3‘%1 f{’{mgszafé %’?Agu 2
S ~, ~R z00s c0Geggh) arGRoWA YA FIGURE ENahakysyens RieludBgahet squr@sSE atrat éxohangér
header 204 is an integral part of keel cooler 200. Tubes 202 i ncl u%e

interior or 25nrisa Ripod forconyeyingithohot coolgntfrem beat spuree | toheat gxchangsr 3y
208. A | 27 havi i | o O
2o hose aescr g T daf Pofliebihe Goatea 2B1aht i et ERARRRL S 10dtat Hidfee I'” HRAMD

tubes have a bojoufs® PestldBe a0engirdeadeheradf ot bitet tiest saurcuﬁpethembsel.omaaoof
210 having interior surfaces 211 facing the chanmber of the header, a
bevel ed cl osed exshangst 8iconldbeoa paepisee keel caplensinee enespiesrekesk coqlers 2rgy

e ron "o PAF b Ol £33 BB B SRR e ©

begi nning at en nating-at a generally flat |ower wall
217, the bot3tonrenehangepnst isolocaiéd irh thehambient. wateq rheliw her waten lioé (l.ovkslowidhe 10

oot oa 1o g aeraiod ater Hnd), and heat dh B 5ot SRR FanSRS ikonlgh the' wlif 8 2°

[i
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heat exchanger having a header with a bottommost portion bel ow the bottom
portion of the coolant flow tubes. Beveled wall 216 should be greater in
length (fromend wall 214 to lower wall 217) than the height o @nﬁwom
214. An interior wall 218 (FIGURES 6-7) of exterior or outernos

rectangul ar flow tube 208 has an orifice 2?0 (one per header for 15 each
tube 208) which is provided as a coolant flow port for coolant fl ow ng
between {he Chathekcahed 33HE Exiitlidy AANPLIGTL: ahofife LS 208 (The chanber i's
defined by upper val I 21 , an1nclined surface or 1nner end or inlet end
portion 229, bevel eBlARE @rshwas b h2dt @xcHaogee! | wadunted oA aavadsebrfdr wadsker@dgiheat

Header 204 al s has an anode .assenbl not s for redqucing corrosion of
t he keel cool ef™® %‘e &ﬂlé?td'nglﬁé%?ﬁleﬁl%/?%gé'&l ‘Pryoqg%?‘)egv\?&ymﬁﬁ%ﬁéhg?mkﬁgl Yol er
200 incl udes repbRROAGWS oMb OmeWilh orilFtfymh Chgihd! e %0 X6 856 PHIMA RS
tubes 208) and inner wall 218 (wth orifice 220) of the outernost tubes.

The open endls #woughthe ather floyy pips frosr keeheanlerdll te angine byeKeal soaderoldnis Btyached
| s 227. i O j i f ]
(P aURe 6) on Fhattsald to BenASEE a0 kUGB LSHAE ST FESTE” oo

Exterior tubes 208 Ackeel coslerr]7vaatdrding 36 thepyaiot anfis sHomahindIGURIESD 1t meludésde

wal | s of header .20 A ket 232, .simlar to and for the sanme purpose as
Gasket 36, s BHEBLLTHeTOr ot SPROFIC S A AgP eI A el BFiaasy SooeeIers ips

i mportant part 29fhaviig iRleAGEibes TVATWO Bxtehdr b (HSERSEINRIRHN.A plioribakies

designated as 8 (theta), is appropri atelié measured fromthe 30 pl ane

per pendi cullfr 28 2&eondbeigioplant intd andi qué of kesh ceglercbio| Mpgzles| 29w28 hivescyhindricahd

| ocated at the (o] i f p far4 hest
from the set ofitasss SB35 ERGRRES L9 e RERSIShe S541eEPARES 14/ B
i.e. fromend haed a gdnkrallyopridenadt echswrattion2hil thdinghds 34,i 35 ate perpetdiculasto ahe
exterior angle, sjnce it is exterior to end |1 214 apnd bevel ed bottom
ol T o6 e+ parahe] Saesine i b bt loBE iRk aten 25 e Tocaieg Kathcaaie
axes of the flqwii bhisctéP® RBMHuIIAPh védel thasudh mhidhSno2kie 97 andl28vektbnd? 1hargd

t he begi nning of bevel ed 2 6 APR 2004 -12 bottomwall 216. The factors
det er m ni nd5angaskets 34y &7 eash hays eng side; againstehopdsrs 19 24 dpspestivalys angbe other sidee
nozzl e spaci ng i i e #,@g}% : gt

provi de verti cgvéagﬁﬁk@gﬁggtt%h‘?ﬁ%‘(rgg#dc(r) t gﬁ%g%tg&egg‘ﬁsﬁdagpﬁhgﬁ%%a eﬂrle can
hol d t he anode hithsdwen kedl gobdee}? ishnstaled de aazsssehishd mietab mashetseHd #hgit on rubber

| i tudi [ 1 b [ 1 1 d,to 5 .all f h i . t f
PR AT R
header.) Angl e n8z#4€¥tdwhwal dresetsest thrgadshg, 45 areconheddrs 20030 32 Ehtel Wke gaskets

generally the other factors limt angle 8 ore the orifjce uld affect

i t. Anot herf0i m3Bd fubher deshery a&wsbwgﬂ%‘d‘%ﬂ?‘f g‘%“ié"?‘? ifdn @Eﬁﬁé\fqﬁ)is?ﬁqm @ﬁ‘ i t
directs the fl Quepfaisditsinicak@t er over and between the exterior walls of
cool ant flow tubes 202, to 10 increase the heat transfer between the

cool ant inside the {Tuméng tafdCURE b atrartigl crorpbiceian efgbepurrent kgl ¢qolasacqoetieg | ed

t hat under the i Qr. ar ] EJIRsJﬂES - 5 i.Gal.

diverted the ar%l{héerﬂma/aa{lgﬁéggd?@%@mv@gse ﬁasssh:eggfm t ﬁ(eer": gﬁ?ﬁ%ﬁgﬁs X@‘(ﬁ otsﬁﬁ?“?%e
anbi ent wat er tsex & paraliel héat aoriduetidrent conkant flaw oubasi 28 ahdidre Hehdon ob @tanifeld 1and
over the separated rectangul ar tubes 27. 15 Referring,to FI.GURE. |2, which
shows a si de viI‘L%Z]sze’k‘é51"%!5’%1i & H?éﬁ)‘ a‘?sr‘éﬁs“b%‘; SHBWt %Z?I%%Jaﬁé'ﬂpg‘:r%lﬁ?f
anbi ent water ghRefr ko fhs hRAHELY4 20Rsdbed MRV A8 IwellaR vRERTAY 8Rd hdt 2hNipplght

t hrough the anbi ent water. Arrows B show that the water inpi gges on bevel ed

wal | 216, fl owslafoegde2els metraallychbroged jor welded inside ofoa conneetpp a9 iwhighr exdends e
al ong inclined. f 2 f i's
lowi s tur bul dds i Byt Be e LY Res TR MARER kB Mther bV E Ind oo, 2
heat conduct i onvdlididonds.cldegdar EXintladdshaeniasiod fingard 5S5¥whioh aterindhinGURESreédpect 5,
yielding a nore efficien d effective heat_exchanger than those of the
prior art. 30 é%wbﬁéz%éé%d%nﬁ‘ﬁtsl’%f [é’rre"ék“tcéf‘sw éﬁ?‘?’é‘gé‘ébeégg define an

envel ope transverse to the longitudinal direction of the keel cooler. The
envel ope has a height equal to the exterior 25 height of exterior tubes
208, and a width equal to the distance between outer exterior surfaces 230.
Header 204 thus has an exterior wdth equal to the wdth of the envel ope
and an interior height defined by the interior surfaces of upper wail 210
and lower wall 217, and therefore of the envel ope. Keel cool ers according
to the invention are used as they have been in the prior art, 30 and

i ncorporate two headers which are connected by an array of parallel cool ant
fl ow tubes. A common keel cooler according to the invention is shown in

FI GURE 13) which 2 s APR 2004r ~



-12A illustrates a keel cooler 200" having opposing headers 204 like the
one shown in FIGURE 7. The headers shown have the identical nunbers to
those shown in FIGURE 7. Heated coolant fluid flows into one nO?Zdnipgg Bé{gm
a heat source in the vessel, then flows through one header 204, S0Bht
fl ow tubes 202, the other header 204, the other 5 nozzle 27, and the cool ed
coolant flows back to the heat source in tBe vessel. Wile flow ng through
headers 204 and cool ant flow tubes 202, the 2 6 ApR 2004 -13 cool ant
transfers heat to the anmbient water. All of the advantages of the bevel ed
wal | 216 apply to keel cooler 200'. The keel coolers described above show

nozzles for transfeRréfenfhghdss to Frmﬂ&ers fWMER shéWwe kgl Rbler Q7 dnlcheB8adE fn
However, there are other rreans f or transferrllm}g fluid 5 into or out of the

headers; for esmpgp$asiion, meadeadgefurtb@mnd@ld%‘e@ jned purface 49rcomposedopfefingersror e

having. end 11 anteby BprEb et P SHep A eiéad oBbleh bk . SiEho RS

fluid flow pat bre blaseiebl WeRled Aok fiigers S2nfoefdAs adcdmtinudpnsuriace. f | AnQiege Seher e
may be ot her neans for connecti n%gt he keel cooler to the coolant p|unbing

systemin thé swrousds ampysidequifics\ dthreugh ‘Sh‘th'éE@ﬁ@@rﬁx“‘é‘Fls%‘% meéldsfl for ©
connecti on usegelgm G’gé’cr.ﬁ&éﬁeﬁ Hpggieﬁrcna ‘j,egmh%ntmplhuﬁm PadgeBe The

i nventi on has tlcu erence to e preferred
enbodi nment s themgagés,atyutformmgmpldtdﬁam dwdmdsttsmbd)ft“hatﬂvarl ations and

nodi fications wthi he. spirit,and i nyenti,on. ccur

those skilled in thg‘t&f’?wf sipR abpye AR ﬂgel? ethffc S pEReh P n’éme'y OB’DX 2004
- 14 Having desgjdr kRd rdféto iti/iRiat hﬁhanédﬂelcéephédlw $¥0hcaderGs didWed in la horifontal
one- pi ece heat exchanger conpri si n% plurality of coolant flow tubes

ext endi ng i A0appstey mrhpwalm IGURE SoTHinis doae realizingcthall these units;sucly asovwhen
h f
e SOUr o8 Ol GBS, 8 A B e Bply B

cool ant fl ow tuhdsrd‘rﬁ\aﬁrtgd afthehul]iforlvlaﬁﬁﬁs dthdrgmoshaiosis.ext eri or si de tubes,
said.inner tubes haying at  |leg e t of open ends xi mat e. each ot her;
and a header connec)é‘é‘g‘ P’E)‘c'é% 3%8‘6‘& ?fle’ 3dgty, ! u‘lﬁe"so‘%ﬁnsé‘g' g"é‘e‘f’“ﬂf“oﬁeﬂ“‘%ds
of said tubes, \ginguldfaMer o2 Wiicill indlcaied BYCniRAérhI smnr PIGURE &, Viktouter

cool ant from and/ or 10 delivering coolant to said coolant flow tubes
t hr ough sai d5opuhes extdnd ingo kdaderelp. 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 reeeiving

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 - §, 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



portion opposite said inlet end portion transverse to the |ongitudinal
direction of said coolant flow tubes, said closed end portion having a
bevel ed wal |l bevel ed from an end pl ane perpendi cul ar at the beginni ng of
the bevel to the longitudinal direction of said coolant flow tuB&s Pg\/@ﬂ[ﬂs
said inlet end portion to reduce turbul ence of coolant flow 15 to and/ or
fromsaid coolant flow tubes and increase arbient fluid flowto the
exterior surfaces of said coolant flow tubes conpared to a non-bevel ed

wal | ; an upper wall portion; and opposing sidewalls, said exterior side
tubes form ng said opposing sidewalls. 2. A heat exchanger according to
clai m 1 wher eittbes i3k vanringrilow ratge dependingsan wsisendse Ehie deadmid a inst mtuaion in

teri I ' | ane t o said bevel eq.wal |,
oAl G gl oA o MR MER Bl Bk dd AU IR Coofll ol ub A bekefopRleE d2 T
90. 3. A heat Witk haspereto dlecouitside @f twalic3Qithe Zertibat veillNacttasdad 6654RBEH B the

cool ant flow tubes. have external side heights of 2 '/Z inches, and external
si de widths offoW¥ 4‘%@ FrIswatgr; and dimpndshes Biecamaiige of armbispidivalgr which|isiable 30
wherein sai ¢ GRY Befheb and: ardund® tI6&! 28X CHARGTio Cofichh NGarl 34CLepledl |

wherei n said header has a flat upper surface perpgendicular fo sai 3 %ﬁ e,
and sai d cl osebstetonds debnis imthieumsisiertnwaterdandaabsorbs tthen flilhigngaco 6 i débfis at

upper surface,and heing |. aid en | ane, . and, sai d bevel ed wal |l extends
from sai d endl?ﬁgﬂgqgmgﬁi'%@WSP ﬂﬁgﬁe agoler.oMoreqvar, baying pyajl 34and flogrd$ ¢ g
30 bei ng subsidefifingblrightamié Mcrédsenthe agidinSotiniedivatd tor keaToblerT7 Whic: A

heat exchanger according to claim5 wherein said beveled wall has a length
greater than @fds Rdisgrrpense. shiost kaeh coplers are made fromF90z b goppet nitkel Tlor some

i nvention ggc | ' rej Lght of  sai d d |l is no
great er thag ?ﬁﬂ:} quaé r?arl]glkgg@ 8.1}6‘%‘3 h%{é(ghen? Q’? oér&sggge%{ c‘éxlgﬁaﬁegag?veﬁﬁf”q’c?BW‘T ng a
heat source, mninterfabaln edditiomgsignificant dengais Rreated byt the aésistariee wit el h_rNfertidabW
tubes and exterior side tuhes extending in ,a 5 longitudinal direction for

carrying cool I RIFSSRISP G T MALCTs o (RIE destrits theaflaw of pmhignhwater 1o din haae
cool ant f1 ui dckéhafigd tuibes of GRE kéél’ﬂ%gletr,hﬁnd:%dsat@tthé 'dfi%r B{"P:%svggél iP?xﬂ)%sal 'y
general 'y e

rectangul ar in cross section, and disposed In a ge par al
rel ati onshi p, thraugh thesvaterool ant fl ow tubes having at | east one set of open

onds, L 98I, SR o AR R b i el
ends of the i pososesogl)ahty fnsalatetthi®headefdprevent galvanic corrosion, (2) they eliminate
infiltration 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 is shown. 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



a closed end portion opposite said inlet end portion, said closed end
portion being transverse to the longitudinal direction towards the cool ant
flow tubes; the closed end portion having a beveled wall bevel ezjsf%ﬂg]n@m
end pl ane perpendicular 15 to the |ongi tuo_lilr]al direction of the Co

flow tubes and | ocated at a part of said closed end portion spaced furthest
fromthe set of open ends of the coolant flow tubes, in the direction
towards the co . nee : ;

and o 1 om sert e 3L AL LBy e el B et PO o Sl o
exterior surf aefkeedicoslai A0 odluhex 202 malude baterigrompianeccoplant flopntubes, 206eahd
wal | ; an upper wall 20 portion; pposj| sidewal | s;. said exterior side
t ubes fornm ng SUFHBHRo t?f@“é}“{fé%gﬁ %R‘QZZ egghlgé{ﬁlérm@éecg“ af‘#&"f%ie(ilc%r}"ﬁ‘ft%r and
further conpri$é ng. MR sHRPAS (¢ AREEbAAATRbAd/arpatt@hédlo the hedRr.! Coghdtdwal
direction, and an end wall extending from and perpendicular to said upper
surface, sajd tbeshayd awttomaeriéont Mdiﬂf'@dﬁffﬂ@ml@gddés heppraMall p6 read 24P Bavingne
cool ant flow tubes. 1Q. c ' [ ' o be ed
wal | is bevel eH‘tB?iP'eiW &K W@?ﬁgﬁ% %‘%@%‘?‘ﬁe‘@%&r’éa&%& %%%nﬁlgg‘? &Eﬁ'gyﬁjm |
to sai d bevel eHawidd dn) erglavll HAgtagsvArsb @ (agd prebisabiynpergentiiculgr @ upper wall21 Qamhd
substantially less than 90. | 1. A,headerﬂécc?r?gi gg to claim 10 V\/nelileiﬂn

sai d angl e A i abgyeledzpotiom walli 216 beginnipg gt 1734 @nd femmanaline ata gengtally fat

bevel ed val | h@gued WaAMBih 1 B RimosNBdHibHSE (ke ihedHer. OTosAbS PRRHNVGT bwerlidall é 3

header according to claim9 wherein the 'hEIqx%ht of said end wall is no
APR 2004 - 106 @iZistathetbotiom|pontps 203 therevidg anhapced gmbisneid iflog ascommpated foor

wat er vessel s, ,sai d .keel ,cool er vSl Q. i f d
T ow tubes. anahel ERFAFe HAaRE f heARTRlired Bffontudlt bifr bofod) ind B0k BARLRGE
for carrying ceplcblanf floi thbks.oBevelddadll Zléushadd bogrestenindéregth (fiogm sndwall 2f4 om

the coolant fluid to anbien ter) said,in cool ant fl {
general |y rect %@Meé?”anﬁlyrth%“svﬁgg%‘@t&% ca%&*’@ﬂ%d@%&“ﬁ% X’aggﬂg:fgmgg) | el
rel ationship, gakderidteoufechRbiictanp@¥y oW Gbe ROY hixtindriflc€ 230 (SHeepeb Réadaf foopen
ends proxi mate each other; a header connected to said inner,_ cool ant flow

tubes at sdbd sath tube JPDrwhistuis pevidsdiag ajcaplant floporonior Folen! fiamdas bbwpay the
header having afahit 8F héid: S07 drlleck How!Apds 08 Yhd WhatB&Y B1ae(idO8] GREY il

delivering coo to 1nner sald coolant flow tubes through said open ends,

a cl osed end paio,anrindpedsitdfeesaimer endeor inltiendortion?20y baveledrbogtomavalhi 6,

| ongi tudi nal directi f gaid cqalant flo ubes, . saj I { ONn
havi ng a bevel éwwﬁ?‘n"o@\ﬁé‘ﬁéagwﬁ%‘gﬂ %%age%#otér?zs"g"é‘% %%!Fllg)ldgl?? s;er?n%tl)g&shg]%%j

| ongi tudi nal digs8edicip Rfrosion of BORERBIolél OW t ubes and | ocated at the part
of said closed end portion of said 15 header E(g d_f rtlhest fr%o? Sail@l set
of open endd of sai FoR¥SITHE SPICHIREYLRY, VY ) r bt PORE Y doglyges
cool ant flow t ltlg&a?\gtlﬁr WBEAUER Widd AtriBN&BeLi06GA® b@erimokl tavest208adid/ ipder WalRiSai d
cool ant flow tubes and increase anbient fluid flowto exterior surfaces of

sai d cool ant f (with touitfies 22Onfathe quiernast bR HERRPRER e 9 inlgts AppRSEs ik nferior
Opposi ng 20 si QURAITe, 34 SRR bR ARy T2 SR 0k o NaRe o Qo ARt

amount of bevelsuffices2d9(FIGURE 6) on the opposite part of header 204 from beveled wall 216.

725  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
discussed herein, the angle, designated as @ (theta), is appropriately measured from the

30  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



bevel ed wall is at an exterior angle a neasured fromsaid end plane to said
bevel ed wall) said angle 8 being less than 90. 16. A keel cooler according
toclaiml S vvherel n said rectangul ar coolant flow 25 tubes hav{ BeAPRr Q?ﬂ’r
S|de hei ghts of 2 '/Z inches, and w dths ghveen t he respective sides o

"/Z inches. 17. A keel cooler according to cIa|n116 wherein said angle a is
52. 18. A keel cooler according to claim 14 wherein said header has a fl at
upper surface BEGBRNdhs kAot 2083l iR ol AR)21ANG BAlRCkAP 2t CheR0f b4 ON
i ncl udes a vert 8 extending fromsaid flat upper surface-an

being in said dcmtnbéchmsaan a?nchcsamglebsml iedb md'rlore«team&sllf}lémnédueubl@bmnonal
wal | at an exter| Ie 0

substantial |y aﬁ@ﬁ.{lé?ﬂﬁ%%ﬁ%@&é%ﬂiﬁBgapamxpgqqs%quré% lﬂ%t"gﬁ‘apgxeﬁ of thedlewy 004

_ 17_19. A kee@lbe§ 201 edndae6P2¢0,ngnd @ i€l albﬁ% Ld Wit il Bednaigd o bagdidd has
a surface length greater than the height of said vertical wall. 20. The

i nvention according to claim 18 wherein the height of said vertical wall is
no greater than | . 125 inches. 5 21. A header for a keel cooler for a

~wat er vessel, the keel cooler having a plurality of inner coolant flow
~tubes and exterior side tubes extending in a |ongitudinal direction for
carrying coolant flow froma heat source for transferring heat fromthe
coolant fluid to anmbient water) the inner coolant flow tubes being
generally rectangular in cross section, and disposed in a generally
parallel relationship, 10 the inner coolant flow tubes having at |east one
set of open ends in proximty to each other, said header conprising: an
inlet end portion receiving fromand/or delivering coolant to the open ends
of the inner coolant flow tubes; and a cl osed end portion opposite said
inlet end portion) said closed end 15 portion being transverse to the

| ongi tudinal direction toward the inner coolant flow tubes; the closed end
portion having a beveled wall beveled froman end pl ane perpendicular to
the longitudinal direction of the inner coolant flow tubes and |ocated 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
flow tubes to reduce 20 turbul ence of coolant flowto and/or fromsaid

cool ant flow tubes and increase anbient fluid flowto exterior surfaces of
said cool ant flow tubes conpared to a non-bevel ed wall; an upper wall
portion; and opposing sidewalls, said exterior side tubes formng said
opposi ng si dewal | s. :



22. A header according to claim21 wherein said closed end portion includes
25 an end wall extending from and perpendi cular to said upper surface of
sai d header, and said bevel ed portion being beveled fromsaid V\@h Aﬁﬁ ﬂi
the cool ant flow tubes. 23. A header according to claim 22 wher 0
amount of bevel of said beveled wall is atl4an exterior angl e 8 neasured
fromsaid end plane to said beveled wall. 30 24. A header accordi ng to
claim 23 wherein said nI 8.s 5 A heade accor toc

wher ol nosar . rsaar AL (g dacus e ning el e A MAEIR i Cerlirdo S

pl ane) and saiglsighR@SeTtheNthzRIer ph@il, Ith Ghalftam &R SRfll reagcﬁ dBFeEe 488 %ol Sto_

wal | extending fromsaid flat upper surface and bein g In said end pl ane,

and said beverre‘awdarfrrtleaétdmengathﬁem@arf&w\ﬂmaéqr@arh iheader gan kold thejanede

le O f 0
and subst anti e Fokeebthe chogBhbyMIkErbiaing 1oHASHAN ybo BUPSIEtad W2
sai d bevel éd valow ﬂoameandmgmHer@trgcrfdmteran‘sﬂeambhﬂge(aﬂdahghﬂsomﬂted; edddctionad vl | .

27. A header accoyrdi to,clajm the h i.d vertical wall
C o or oat er EEh of I Asaddhy ke soui b alee g 25 of i e oD B eperlly
heating a heatgt Bﬁieﬁfa@trorsf lhh'x't% lé@bé?oﬂ&@l@éorﬁ?&%%ﬁﬁﬁfffe@ﬂﬂp” sing: 10 a
plurality of parallel, heat transfer luid fl ow tubes for carrying heat

transfer fluid bet wheathes ilpertansaspeat &0 kmdleé wal 216 &9 thkmasenreh whighyittduloets the

i ncl uding inne X I avrng
a set of open %%‘%I? P?‘?}bég g‘)’glgt J(?Jel' ?r{d 1§M§Cn tt{%%ﬁemsr aa 3 ° aIIt fﬁav‘?lﬁesez%z
chanber anth bemagaseahaaeatefhnifer setwveknsthe cmcila:ﬁpendeethdsxuﬁes Emd)fthesmtside amar:ntf | ow
tubes, said header havj an.inpner end.portion for recejivi i d set

open ends of s‘é{?arfrﬁr/h{h%ﬂg?uﬁﬂg‘ LW“%U rprl?FBQé’a Sé‘?ﬂﬁ“ B‘gﬁilﬁlgﬁssggpo%ﬁ?@c ai d.
inner end portwaN34 aidrtéd the anbRACHAEI bs thediddsdl PAREd BBRHAIhI QNthaBé SmBieAEr
end portion and said roof section defining part of said chanber?l sai d outer

cl osed end porVitehthasignificantenient ayenpafopnd rathenthare betyeeraand avesthe separitgde

W th respect tlg_cagé J@%fs ection of less than 90 to 20 reduce turbul ence
of coolant flowt of fromsaid coolant flow tubes and increase anbi ent
fluid fl om3 o exterReferringnd BEHIRION 2, swhich stewtsensidd View of lkbeis:oclon‘m& edowoBa
non bevel ed wal |

exterior side Sthﬁg'egnf] grﬁaﬁﬁ“gg?'ﬁﬁgﬁﬁvc? ﬁ@rogﬁqﬁgﬁ‘gﬁoﬁ% Wb & REUE Coter W 10

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 turbulent which
20  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.
It can be seen that outer exterior surfaces 230 define an envelope transverse to the
longitudinal direction of the keel cooler. The envelope has a height equal to the exterior
25  height of exterior tubes 208, and a width equal to the distance between outer exterior
surfaces 230. Header 204 thus has an exterior width equal to the width of the envelope
and an interior height defined by the interior surfaces of upper wall 210 and lower wall
2 1.7, and therefore of the envelope.
Keel coolers according to the invention are used as they have been in the prior art,
30 and incorporate two headers which are connected by an array of parallel coolant flow

tubes. A common keel cooler according to the invention is shown in FIGURE 13, which



29. A heat exchanger according to claim 28 wherein said roof section is 25
generally flat, said outer closed end portion has an end wall generally
perpendi cul ar to said roof section, and said bevel ed portion 'SQWbﬁ@Remmi
fromsaid end wall at an exterior angle ofi2greater than 0 and less than 9
30. A heat exchanger according to claim28 wherein the heat source is a
heat generating conponent of water vessel, the heat sink is the anbient
wat er, and sai glwtmeemlﬂaﬁ@f@ mayigg QPRQSEIE headsr£204 likadhavmershown ki IGUREAL

transfer fluid,flow tubes, are ect.angul in cro ioy}. 3. A
keel cool er acZohﬁT’ Hega%f’% Shovy W?q'ﬁgl“%\ﬁ tgcf’ng’éqe&‘glP @cfs e shavyn Bﬁ“ﬁﬁiﬁﬁ% ﬁﬁqt‘i’
flat) 2 s Apgooki fhid floak dnte! reasbzele 2 P abini HMcltaBurl iRNHe WBdsk], ARRCAGS Y
perpendi cul ar to said roof section, and said beveled portion is bevel ed

from said end thaeughaneheadsei204; the “d’ﬁb‘nb figw(tubest 202, thmether Beader 204, dhecather
than 0 and 4 esﬁoz%ﬁaﬁ Wd 1r2c dfeéikc%%l 8%?%&0@0%9 }1@8 bl c‘é'ufi"tﬁE' kst NRERAD
said flow tubes have externa inches and an ext ernal
si de wi dt hs of fldwingnirhugl3@adets méeind(cooihmmoacmbﬂrsmoaght o claim 32 wherein
said angle a is 52. 34. A keel cooler according to claim31 wherein said
bevel ed 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
10 flat, and said closed end portion has an end wall transverse to said
roof section) and said bevel ed portion extends fromsaid end wall. 36. A
keel cool er according to claim30 wherein said inner flow tubes are

- generally straight in length and have a second set of open ends in
proximty to each other at the other end of said inner flow tubes, and
wherei n heat exchanger further |I S conprises: a second header at the other
end of said inner flow tubes, said second header having a chanber and being
connected to said set of open ends of said inner flow tubes, said header
having an i nner end portion for receiving said set of open ends of said
inner flow tubes and an outer closed end wall portion opposite said inner
end portion, and a 20 roof section; said inner end portion, said outer end
portion and said roof section defining



part of said chanber, said outer closed end 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 said second header having an inlet
conduit for conducting hot heat transfer fluid fromthe heat soar&ql\ﬂmtzgﬂl,
sai d one header, and the 25 other of said header and said second header
having an outlet conduit for conducting cbdted heat transfer fluid towards
t he heat source. 37. A keel cooler according to. claim36 wherein said
inlet conduit is an inlet nozzle and said outlet conduit is an outlet
nozzle. 38. A heat exchanger according to claim 28 wherein said heat
transfer fl owcbolastsranéfefsrzag@rthe ambient wateanglllAithd MvahREss Sahé bevelaWaliave
external side hei%gts of 2 '/, inches and external side wdths of'/~

i nches. 2 6 2ApRPRIytmkeebepoler@00'A one- pi ece heat exchanger conprising: a
plurality of cool afthe keQWdolbeHesBibed Halg shbw 2080 Kor-Ehdiflriflh hek! el O"
carrying cool ant flul roma heat source tor trans errlngrﬂ romthe
cool ant 5 f| uifshidingd omapt ok thelheadersl However] therei ave) other means fod tansfeainig fldidi d
back to the.heat sourc aid caoolant flow tubes having a set of inner
tubes, extePi 6’%"&’8& ?ﬁb&i‘?ﬁdﬁﬁa%& Nolol n*“p%?"tgled‘?ﬁ""ﬁeéﬂ 'EF%il ﬁ?fg?rst Esarh Q¢ ng
at |east one wetméit BRANsCRER 2B PYdsBXkéhding BMNhE AN and Adnf theRES cooler
connected to said cool ant flow tubes at said set of open ends 10 of said

t ubes, sai d hbaviag endflanggs fof connestiortpgether tojesiablishva heat tiansferyfluid dloanpathr om

and/ or delivegy I ' fl u hr ough sai d _ope
ends, a clos eg\, dgﬁ‘éﬁ’ggrg?’ qctgtn}SgB%@solg %déﬂés}gv?ﬂ\t }hﬁ I@tﬁgéeshgﬁf)%% ﬁ‘%’;ﬁ[ ?tgﬁrswg?lgsef%f o]

t he | ongi t udi rahnediing clid &eel afookenitd theadoahint phanbihg bestems & dhe vessed eTwds
portion ha\{'hn%ba gevel,e&é)\r@a‘{l bﬁvel ed _ffr om an, end £I ane ngendi cul ar at
the begi nnitRg Ryentipnisjadependegt of the typeypt Gopnertion gisedtor joim therkegheoplargodthe| ant
flow tubes towabmst plurhbifig Systein.0Of said inlet end portion and a bottomost

portion, the inner surface of said bottompst portion being at said bottom
portion of said codhantsventiowhasibesn descpbadyvivith particaldraeferehcanbi thatpréferred!

flow pattern as,c ared to a hanger having a.header with.a .

bot t onmost poFH%ﬁ%@%o@f‘Fﬁfe%ﬂgﬁtsﬁ)’ﬂﬁg}ct ?‘gﬁrsb‘?‘)%t ?Itf@g?f%t’é’ﬁf apd modifigations oo 4
Q A one- pi ecevithir theespiritaih@ comOsDihe Shvidition nilyUdcal oy thidbe SIANLRRY tiel Aid ubes
extending iin a l.ongitudinal direction for carrying coolant fluid froma

heat sour cd”f Gyhigh fUVERYQNIRTABSL from t he cool ant fl uid



cool ing nmedium and for returning the cool coolant fluid back to the heat
source, said coolant flow tubes having a set of inner tubes and exterior
side tubes, said exterior 25 side tubes having outer surfaces facing away
from sai d heat exchanger, said inner tubes having at |east one s26 APR

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 fromand/or déivering coolant to said

cool ant fl ow tubes through said open ends and a cl osed end 30 portion
opposite said inlet end portion transverse to the |ongitudinal direction of
sai d cool ant f| ovwHiviHpeRscribaditkk ifveaGagthe tlowiag isicRimddavi ng a bevel ed wal |

bevel ed from an end pl ane perpendi cul ar at the begi nning of the bevel to
the | ongitudinal diredt AdHeBIecsBRtEXCnEL SOmITSER t ubes towards said inl et

end portion) said header hayluByaf WolhtFlow tdbed eABMing BOfongdipsidaedioe Brar to
said | ongitudinal direction beLﬁr_l dgfi ned by the_out e urfEcesjofﬂsgi d
exterior side tub®@gyingfoolank flid -"81% gat unge s, frangfoming heap fegm; the poplant flui

plurality of cool @alind heint bidefsr @in@igdhe @oled cadlanOMd badid tovhd hedi doaet,isgsida for 5
carrying coolant fluid froma heat source for transferriélaj%%he t fromthe

cool ant fluid coofalg favyiubshhariee # &t of opsr thesydieKiErirsise ST 4mer thesi o

back to the heat gRQiEGEeasbobkedet 6ASHeREds proRWaleeRSthBaNidNg a set of inner
tubes and exterior side tubes, said exterior side tubes having. outer

exterior surfaces, said extBsgrcoanegied o Bidcoplant;fiamiubes at w8t ofect Fidisver se

to said |ongitudifahid@idegGlill AhderhBanEANVBIORE phaYH 8reBeiVIfg dlanEfdARAndAR 1O
the exterior height of said exterior side tubes and a width equal to . the

di stance bet wd&n delivering roalantdosaidjcgplant flowojubes thrgpgh said; open gadsy a claprdenflayi ng

at |east one set gdriGP&IpofiRASd MIQehdBdrorE@dmbvetit iethe Iapithdmah@indein srempect ed
to said coolant flow tubes at said set of, ogen ends O\'(ﬂil id sgi d
¥5ied 3&%%

. t upes,
header having a ctRetskliow Whes; sdglosedend pattiop Bayings gd frog) angen

recei ving cool ant plﬁﬁeg;mp%miémr afl Bk bSO ERMed o the IdngindiraDaiteatidn dflsaiw t ubes
t hrough sai d open ends i

a closed end portion ,o’gﬁos' te Sbﬁl d i r}l et ead
portion transver sePolagt flgne tubesigvardsiaid-inletnd gpripm o regucs rbylepgst spplant flayy,
tubes, said ch9seg mB-r RO ski@BodkAY NHVG nBdedBM GlcadseibienbRie hew «f e Bxtasorend
pl ane perpendi cul ar _at the begi nning of the bevel t%the Iﬁln i tudi nal
direction of sai dsEBessafsaif caRlrnt flgwuhes samprredstg; agnqnriersieday ’gBr”P‘?ebr‘i",a'a 20

bot t onmmost  porti Oforfién; 48 dppoiidgUsi@evalls, SidderitdHo tside tebe ForimiifEN sad) Gpgading

bevel ed wall, and an upper wall having interior, surfaces facing said

chanmber, said headd#*afsvi ng an exterior width equal to the width of said

envel ope and an i nterixnra Reit gktharderfdesvedingns clai@ | iwhkreihitioy anfounhtf AGOR! 6ffsaidai d

upper wall and said bottgnmmost portion, sajd.interior hei.ght, being equal to
& &b E5upy Booe

the hei ght of 28ai Beveled dyaligs at asexserior angle §, hgta)meapised trom said god plane laim 3
wher ei n sai d angl gevdlell vald@hidRrdk @ Beimpsilbstddtially greater arh@ade substatiatyliessghano
claiml O wherei nggogi d angle 8 is between 40 and

3. A heat exchanger according to claim 2 wherein said rectangular coolant flow
tubes have external side heights of 2 % inches, and external side widths of 2 inches.

25 4. A heat exchanger according to claim 3 wherein said angle § is 52°.

S. A heat exchanger according to claim I 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 8 from said end wall, said angle @

30  being substantially greater than 0° and substantially less than 90°.

6. A heat exchanger according to claim 5 wherein said beveled wall has a

length greater than the height of said end wall.



60. 4 4 , A keel cooler according to claiml|6 wherein said angle a is
between 40 30 and 60. 4 5 . A header according to claim 23 wherein said
angle 0 is between 40 and 60. 46 , A keel cool er according to cl aim 32
wherein said angle a is between 40 2 6 APR 2004 and 60. R
AN, . A5Y. A. A. AF. A Al . A& A usr. A As . A4 AY( .Aa2. ANR . A9(. Aa3 A( AQ AGR 2004
.A9. AL& A ( 99%, 30PgZM LP\° vVC~ zupkf al V\]ca] ca] ca]ca]ca]ca]c
aJca] ca] ca]cal calca]c a]cTa]ca]ca] ca]ca] cal]léa] ca] cha] ca] c”a] cTa]c”a
U c”ra]c”ha U craljcalca w=2707QZ g k
Lol I "1 #u###} xsni d_Z] c] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] ca] ca] ca] ca] caj.cajcCiajmbdcaloding & amincviddin HEMHIPELOET@ERA Wall is| (() *) .
)))) ?*F~* &+ W n‘gc" calcal ca] calca] ca] ca]ca] ca] ca]calca] cal]calcalc
a] ca] ca] ca] ca] caf‘&ﬁ*eﬁtﬁ'] el \i’}sd%%'ﬁsa] ca]ca]cajc”alcalcal,,}---@..G//0_001[1
€11113Y56T89999: 7; | <=8 7\ \Weddbcrord heat a&mk&adr@adlmghmadt@&ﬂ&ccm]: ieat exchanger
aJcalcalcalcalcalcalc
a] ca] ca] ca] ca] ca}‘é‘é?&:%t]’h‘&}"&ya‘]fd%f]cba‘]%] oy ebprand exietion sidadpbsseerdingdoia vrivie N
NNDOOQJ PPP" QVER) ﬁl.dmamhﬁecir‘bil ks ahGahe adoted e GRhCahekeat LRl eadstaditzal cal ca
] ca] ca] ca] ca] ca] cﬁmkca] C&]ﬁ% cal, a] C ic e]g%
a] caU] ca] ca! S5Theat h the geglan, Aay tibes beinggeperstiy 11 ca] ¢
a] ca] ca] ca] caj ca}&&hgﬂirqal@@]seaﬂoﬁ&}:@aik&s@] i6t @ peRtafaparal)et Al ftiddshp] halmherd] C
a] ca] ca] ca] ca] ca] ca] cal cali
o o ol Ry Sebet hebing atetst ene(ssof ppep 23y proximinqueach other, said
a)J ca] ca] ca] ca] ca],eﬂk,c@},@a}.ﬁgi] cajca]ca]lc alJcalcalcalcalc
a] ca] ca] ca] c.ﬂoca] calcalc"a]calca ..
a] ca! | | & 0~o-X0eonwy5UQ ) x&hi A °2]°*‘f]’8'§?’bz§?'c5f%‘é{?%§f‘ﬂ%{f JdIm gpdlor delivering
a] ca] ca] ca] ca] caledidrt & thebgeakhdlot ik Gnbadlem leR kvl aad ca] cal Ca] Ca] ca] ca] cal "
g: ?8T2~ % hl b} xsnid_Z]]]]ca] ca‘L 'E‘]a ca]calca a] ca] ca] ca] ca].ca]c
a] ca] ca] ca] ca] ca] ca] ca] caPcdqsedf Eoé‘!"x‘i NCOPPRsys é é'ﬁ‘_’(tcf’&? @ation, saidxlosed end
gW O xsni d_Z] ] ] ] Gortion being transverse to the Iongltudmal direction towards the coolant flow tubes;
g} gg} gg} gg} gg} gg} @;} ﬁc}e@}pggkcﬂlv?@a S e S S S BhS rpabisdh
ai L]Xr ’)]<h %XSI]GI d]uZ}tic]|]>xcgathai8al]d¢radtﬁa]ocaiecba<}l&a]m&]l t(ﬁ&ﬁt] tazhed hcapsindfcaidcal cal c
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generally parallel to the longitudinal direction, and an end wall extending from and

perpendicular to said upper surface, said beveled portion extending from said end wall
25  towards the coolant flow tubes.

10. A header according to claim 9 wherein said beveled wall is beveled at an
exterior angle 6 (theta) measured from said end wall to said beveled wall, said angie §
being substantially greater than 0° and substantially less than 90°.

11. A header according to claim 10 wherein said angle 8 is 52°.

30 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
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O- to the longitudinal direction of said coolant flow tubes, said closed end portion having

a beveled wall beveled from an end plane perpendicular to the longitudinal direction

of said coolant flow tubes and located at the part of said closed end portion of said
15  header spaced furthest from said set of open ends of said coolant flow tubes, in the

direction towards said coolant flow tubes to reduce turbulence of coolant flow to

and/or from said coolant flow tubes and increase ambient fluid flow to exterior

surfaces of said coolant flow tubes compared to a non-beveled wall; an upper wall

portion; and opposing sidewalls, said exterior side tubes forming said opposing
20  sidewalls.

15. A keel cooler according to claim 14 wherein the amount of bevel of said
beveled wall is at an exterior angle § measured from said end plane to said beveled
wall, said angle 9 being less than 90°.

16. A keel cooler according to claim 15 wherein said rectangular coolant flow

25  tubes have external side heights of 2 'z inches, and widths between the respective
sides of ¥z inches.

17. A keel cooler according to claim 16 wherein said angle g 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

30  wall extending from said flat upper surface and being in said end plane, and said
beveled wall extends from said vertical wall at an exterior angle § from said wall, said

angle @ being substantially greater than 0° and substantially less than 90°.



UU& ()-F "10%JU& () - Fnl0% U&' () -$10% U& ()- 10n4Y5] 667T899{\:,/ 10 U
U1l'10% U U& ()-G!110% U& ()-2Z!)!110%JU& ()-Z "10% U&' ()-F "10%JU& () - F!
ORS00 0100 ), 1008 () LT B o o
I'T10%EE& ()- 11098B& ()- ' 109BB& ()- !'1109BB& ()- !'!1098BB& () -
A?27??@BBBBWMUGI/ 10! 10BB
10BB! K@! 109BB& ()-& @! 109%BB& ()-& , +! 1098BB& ()-!,+ 10%}& ()-!110% & ()-
BBBBCDDEOP. /
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 is no greater than 1.125 inches.
5 21. A header for a keel cooler for a water vessel, the keel cooler having a
plurality of inner coolant flow tubes and exterior side 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 disposed in a generally parallel relationship,
10  the inner coolant flow tubes having at least one set of open ends in proximity to each
other, said header comprising;:
an inlet end portion receiving from and/or delivering coolant to the
open ends of the inner coolant flow tubes; and
a closed end portion opposite said inlet end portion, said closed end
15 portion being transverse to the longitudinal direction toward the inner coolant flow
tubes; the closed end portion having a beveled wall beveled from an end plane
perpendicular to the longitudinal direction of the inner coolant flow tubes and located at
a part of said closed end portion spaced furthest from the set of open ends of the inner
coolant flow tubes, in the direction towards the inner coolant flow tubes to reduce
20 turbulence of coolant flow to and/or from said coolant flow tubes and increase ambient
fluid flow to exterior surfaces of said coolant flow tubes compared to a non-beveled
wall; an upper wall portion; and opposing sidewalls, said exterior side tubes forming
said opposing sidewalls.
22. A header according to claim 21 wherein said closed end portion includes
25 an end wall extending from and perpendicular to said upper surface of said header,
and said beveled portion being beveled from said wall towards the coolant flow tubes.
23. A header according to claim 22 wherein the amount of bevel of said
beveled wall is at an exterior angle § measured from said end plane to said beveled
wall.
30 24. A header according to claim 23 wherein said angle @ 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
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10 ity of parallel, heat transfer fluid flow tubes for carrying heat

a plurali
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 ends in
proximity to each other; and

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

15 of said inner flow tubes, said header having an inner end portion for receiving said set of
open ends of said flow tubes and an outer closed end portion opposite said.inner end
portion, and a roof section; said inner end portion, said outer end portion and said roof
section defining part of said chamber, said outer closed end portion having a beveled
portion beveled at an interior angle with respect to said roof section of less than 90° to

20 reduce turbulence of coolant flow to and/or from said coolant flow tubes and increase
ambient fluid flow to exterior surfaces of said coolant flow tubes compared to a non-
beveled wall; an upper wall portion; and opposing sidewalls, said exterior side tubes
forming said opposing sidewalls.

29. A heat exchanger according to claim 28 wherein said roof section is

25 gcncrall'y flat, said outer 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 of greater than 0° and less than 90°,

30. A heat exchanger according to claim 28 wherein the heat source is a heat
generating component of water vessel, the heat sink is the ambient water, and said

30 heat exchanger is a keel cooler, and wherein said heat transfer fluid flow tubes are
generally rectangular in cross section.

31. A keel cooler according to claim 30 wherein said roof section is generally flat,
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109 & ( 3)2 cooler (cugcordfmg to Cl/(\l ﬂ wherem sal flow tubes have external

side height of 2 ¥ inches and an external side widths of ¥ inch.

33. Akeel cooler according to claim 32 wherein said angle @ 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
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:

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 inner flow tubes,
said header having an inner end portion for receiving said set of open ends of said inner

flow tubes and an outer closed end wall portion opposite said inner end portion, and a

“roof section; said inner end portion, said outer end portion and said roof section defining

part of said chamber, said outer closed end portion having a beveled portion beveled at
an interior angle with respect to said roof section of less than 90°;
one of said header and said second header having an inlet conduit for
conducting hot heat transfer fluid from the heat source into said one header, and the
other of said header and said second header having an outlet conduit for conducting
cooled heat transfer fluid towards the heat source.
37. A keel cooler according to_claim 36 wherein said inlet conduit is an inlet
nozzle and said outlet conduit is an outlet nozzle.
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 ¥ inches

and external side widths of % inches.
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109& () - 310%& () SpureR- sl coolant flow tubes having a set of inner tubes, exterior side tubes, and a
bottom portion, said inner tubes having at least one set of open ends proximate to each
other; and

a header connected to said coolant flow tubes at said set of open ends
10  of said tubes, said header having an inlet end portion for receiving coolant from and/or
delivering coolant to said coolant flow tubes through said open ends, a closed end
portion opposite said inlet end portion transverse to the longitudinal direction of said
coolant flow tubes, said closed end portion having a beveled wall beveled from an end
plane perpendicular at the beginning of the bevel to the longitudinal direction of said
15  coolant flow tubes towards a juncture of said inlet end portion and a bottommost
portion, the inner surface of said bottommost portion being at said bottom portion of
said coolant flow tubes to provide an enhanced ambient fluid flow pattern as
compared to a heat exchanger having a header with a bottommost portion below the
bottom portion of the coolant flow tubes.
20 40. A one-piece heat exchanger comprising:

a plurality of coolant flow tubes extending in a longitudinal direction for
carrying coolant fluid from a heat source for transferring heat from the coolant fluid
cooling medium and for returning the cool coolant fluid back to the heat source, said
coolant flow tubes having a set of inner tubes and exterior side tubes, said exterior

25  side tubes having outer surfaces facing away from said heat exchanger, said inner
tubes having at least one set of open ends proximate 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 and/or
delivering coolant to said coolant flow tubes through said open ends and a closed end

30 portion opposite said inlet end portion transverse to the longitudinal direction of said
coolant flow tubes, said closed end portion having a beveled wall beveled from an end
plane perpendicular at the beginning of the bevel to the longitudinal direction of said

coolant flow tubes towards said inlet end portion, said header having a width
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envelope transverse to said longitudinal direction, the envelope having a height equal

10 to the exterior height of said exterior side tubes and a width equal to the distance
between said outer exterior surfaces, and said inner tubes having at least one set of
open ends proximate each othér; and

a header connected to said coolant flow tubes at said set of open ends of said
tubes, said header having a chamber, an inlet end portion to said chamber for

15  receiving coolant from and/or delivering coolant to said coolant flow tubes through
said open ends, a closed end portion opposite said inlet end portion transverse to the
longitudinal direction of said coolant flow tubes, said closed end portion having a
beveled wall beveled from an end plane perpendicular at the beginning of the bevel to
the longitudinal direction of said coolant flow tubes towards said inlet end portion, a

20  bottommost porjion at the juncture of said inlet end portion and said beveled wall, and
an upper wall having interior surfaces facing said chamber, said header having an
exterior width equal to the width of said envelope and an interior height defined by the
interior surfaces of said upper wall and said bottommost portion, said interior height
being equal to the height of said envelope.

25 42, A heat exchanger according to claim 3 wherein said angle 9 is between
40° and 60°.

43 _ A header according to claim 10 wherein said angle 0 is between 40° and
60°.
44 | A keel cooler according to claim 16 wherein said angle 6 is between 40°

30 and 60-°.

45 . A header according to claim 23 wherein said angle 6 is between 40° and
60°.

46 . A keel cooler according to claim 32 wherein said angle @ is between 40°
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