WO 01/ 31264 PCTI USOQ 41599 -1 HEAT EXCHANGER W TH BEVELED HEADER

BACK D OF THE | NVENTION Field of the Invention .This invention relates
to heat &ﬁé%ers and nore particularly to heat 5 BE¥0882%for cooling
engi nes, generators, gear boxes and other heat generating sources in
|ndustr| al apparatuses having fluid colol ed heat sources, such as. marine
vessel s. The invention nore particularly relates to open heat exchangers
(where heat transfer tubes are exposed to the anbient cooling or heating
fluid, rather than bei ng in a shell to shel I cont ai ner hol di ng the cooling
or heating fluid) usddEd; ANGER 3V YELEDJIEADER ¢ the heat ]
exchangers are efficient, Bg@ﬁdﬁ@mb@pmgmvgm[@ht and vol une conpared
to other heat exchangers known in the art. Alternatively, the heat
exchanger Hiekbefghelaventionhe invention could be used as a heater, wherein
rel atively cool il iyl ehiBRSers Behla ' RERMA. et hRA ohfRATHE 1ol HAES-
Description of the Prior Art Heat generating sources in 1ndustrial

. appl i cat¥ oereehangers oy mhngm@ngaem @ERreratprs, gedrt hovies el e@eweme@praumg her
fluids or L & lm@ﬁ yessels
used in fr%la}g1 &Emé?elﬁﬂtrg} taPpag%atP&Ev}\]/fg%lg?qﬁn eg‘f:'%“gfi%ggl"?’f %{Y@g ant flows
t hr ough t h\éesefﬁgl ke mvemmenorh@alttlcgleﬂlerféawm@ Os’etuh@éememgrs (wéhepolidatint  pi cks
up heat, The heat
must be trans errea%ocwﬁoslegt etaglg({) P@({oﬁ?gg{{%&ﬁnéﬂgl gt’nyta&gﬁ@?%&%ééngs such
as the body skl teatheH cpmtam hdlding ¢he sombisgfor hsatxhg)cﬂatdeedsedemr ceolizlgl heangi nes,

such as;puf board nmot mal | _boat ped through the
engi ne |ds) B Surf ‘IVCI%%{; ang%\%%gﬁkleggbaflﬁ%v av%l ow ogﬁg‘lggtd@f{md gets

| ar ger, anmlent compaed mmrpe:dletahe:ahgtgetshememgn de aByAhanitivelye thetheapr ovi de
good cooling, of the I.n but .al so prve ce of signifjcant 25
cont am nat?’%ha‘}?ﬁw&%‘%f’%t?ﬁg’BYF@?’%W“IICF "’r“ﬁﬁﬁaﬁ%‘?aéeﬁ’tw Frrelahyely c9gkd to cool
the engi NBuid kbrisHebethioudihe hem@tdheferaabdsy debris and, particularly if it
is salt orfros#ve chem cals to the engine. Therefore, there have
been develﬁ?@ﬁ%&%—%@é’%\r atuses for cooling engines and ot her heat

sour cests One appat g&ﬁeiatfngrso&eéy in"Bidisheal o ?ﬁl%aﬁ&:s%cl@aé/ﬁﬁﬁﬁé vés3el§ Brnnel
steel, which is basically a ar(?e quantify_ of shaped steel 30 which is

vel ded t o fie coeled Gimnvister; gtberilvids osrwaterymixedwith gther BuideyForgxampleni® cool ant
and tranm{ﬂemgsen%sd fnrmmeerﬁe@bmh iefter! € cS0TRL Bld HRb&Ent fffannel steel

has severe WO 01/31264 PCT!I USOQQ 415
through the engine or other heat generatmg 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 alsc 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 enginé. Therefore, there have been developed various
apparatuses for cooling engines and other heat sources. One apparatus for éooling' 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



-2 limtations: it is very inefficient, requiring a large amount of steel

in order GopR§ddsn the required cooling effect; it is expensive to
attach to a vessel, since it nmust be welded to the hul IFH/’HS[\?&?M abor

i nt ensi ve operatlon since channel steel_is very heavy, the engine nust be
| arge enough to carry the channel steelfzrendering both the initial 5
‘equi pment costs and the operating costs very high; the larger, nore
power ful engi nes of today are required to carry added channel steel for
their coolin acity ﬁn rel ative snaél annunt of roomon the
‘hull to carr 3"‘?1 ’°T%3’T)‘é?¥6’§ t‘%‘bé‘?ﬁ“ﬁ’?‘ga arg?j@%?lﬁ’ag el imrderdp gbtaibeint  of
channel st eelrequire@XpEIRfE offect; INE Yoy dkpetisive fomteh 6 eRksel,SsindeNegagrat e for
t he present cool i ng nodern day, marine vessels. 10

and. f ut errands f or
Even t hough YFXFA&? H@ﬁ'@g I~ 3jvEny Ipler dpsensivgionerpiiony, siage ﬂ?éaleel Steeha NeRrmhenss
vessel s,  segRB#igheChust b6 1478 EdvRgh BAlLESh e araﬁnala@ad%ua%gimﬂw iniff€l and

usi ng snal | er keel coolers for new construction to overcone
limtations CAvpR@eR£opts apd the ope@ting ensisatervifigh; dbs, kargsp suore rPOVVh@ﬂl@g@lbs and is

described in gBhogay gétr@dﬁireé\lﬁr carr$ a@&arcﬂrﬁelhs't:e%ﬂﬁ} féfPeool E&ﬂl’gtuf "BoiRAd ent

descri bes a heat exchanger or attachnent to a nm structure
whi ch is conpdasglyosmal gmountosf memcen thee hulbte csmr:ut:éue tpgylphda chpacity iand a

plurality of Ql‘fgjl'zlfgﬁ

rect angul ar, d\?\ﬁ?ggﬁ&exten ag{&tuﬁv\t;ge}%ﬁ?wgpﬁ%ag é@ﬂ%% eﬁ%eals

t hrough t he lnadequetsrfortbe sresmaltrbﬁdm éemandi:’@obmimymdwnldam,anarmet\{esndlsng from
the engin t h 0, 0 d runs
into a hegt ce)évc? tH&E ega ee foca%nogtg' g}af'%ﬁt e e&%h gﬁr vefsgﬁe wat er
| evel refer ss¢gmmts&fvthft marinecindbstry preitanddning dhetm/stbéimndersmgesdxanaﬂeél, I . e.
bel ow t he | evel V\?ere oam beneath the hull or

nd bubbl it
on at | east o%"é"fs Or Ry CP%S\’\%'%I% tatlégerg?'gﬂl}gﬁﬁ‘?ﬁrl d.nsﬂ]iﬁp €ali§5i ant then fl ows

through the rect aAdetlaookeabs darlbped inahe 19408 3nd idegafed i® UL PateaPRESi t €
he epgi ne. The headers

header, fro ' e cooled coolant returns to

and 25 the EZQ@ g&dﬁ?f‘?tﬂ'ﬁ‘)t ub-é’§ Frasta pgteay d F??”E’?Fe aamﬂte‘?ﬁ" weeedor and
heat trang$ekuREmEMtaa hithe 100! sBturetWIANE] Tofl Béélsl%lf'a thag %Héd (Pltza&eﬂe heat
conducti on tubes and the headers, and into t nbi ént wa

rectangul ar B55B%ed 1@ Sl iong %M@#‘Wfr@aﬂ@rﬂé““dw& tﬁ?fécéﬁfh qfathsy CLqSSJse to
each other, b6 @@E&tﬁgﬁlﬁr Qﬂn&l{a@;{teﬁd BUtwatl HACReAESA: C gﬁl;[ Cog?fgﬁfbﬁ{ém ng a

relatively conpact size and B Frequently, these
di sposed in ﬁ@%@é‘@s@@scoéﬁeqsﬁée eaders e edolany ot ines eftendingfrem|the engihe

sonet i nes arg“;m&rﬂegtds trﬁot €, | ses bel ow
the water line. WO 01/ 264 p%'r%égvﬁég‘g eY;EI?&% o (4 inhda B e‘ighanger
0 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.



The foregoing keel cooler is referred to as a one-pi ece keel cooler, since
It is an i‘%’%%ﬁ unit with its major conponents welded or brazed in

pl ace. The one-piece keel cooler is generally installed BAd%%ed in its
entirety. There are various varieties of one-piece keel coolers. Sonetines
the keel 5 cooler is a nultiple-pass keél- cool er 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 nmay be |ocated in the
sanme header. Even though the foregqinq heat exchangers with the rectangul ar
heat conduction t iBefresging kesljceglerds wlereddp pemeperpiece kel ceolemy gipge it is an

| ntroducti on eygralfunliiwit itGnaiSi¥bmpifls el oR BB Aol OTRI R ik et 21 ©
corrected by thggrr?)_resent li. nvagntiog. Tﬁe.r_ectoa'ngul ar ?’Laeat exc nge(ri(gelof t he
prior art haveoal¢rds generadly instabeghandaemevedieits entigpiy-ar par al | el epi ped havi ng
headers at their o I.te 1, PPOSH L | s

whi ch are per pendi Jgﬁ%gra; % Bgitaﬂivﬁ%%%§§f Q"? ﬁgﬁéezls{%gé&gﬁlg' p%%%?r}?%@éach

ot her, and &ctoder iaaltiplepass ed ghélenrwhenmtheheddersvand dieattdonduction tubes &reel

cool er as the S |t at, ex g thr h.the water.
The perpendicﬁ+§#¥§§%%kwwhdg?{§%%?§ %%%ﬁ%ﬂgggﬁgﬂ%gﬁ%?ﬁéwtgggﬁggﬁ&é?ddead
spots (| ack obutkirboresrhaytmtlecatekllinthe same bdader. heat exchanger surfaces, which

| argel y reduce the.anoynt .of heat transfer occurrin t he dead, spots. In
additi on, the per o SOVER e PUSRE PG HPXERRRERT of s PR e

bet ween t he hegidusivndubdsi uve tertfoged wide-spheati adeleise dieirdintfodictibe Hveh aftpnount
of 20 heat e{\/nich can be transferred between the cgﬁé ant i.n the tubes and
the anbi ent? WHRE280, 1 Vggll??g‘é‘ﬂmﬁ%w  are Gorrected by Abe pesspEpventighy i butes to
the increase of thEhe restarigalar hb @kcHah@ns bPthe phibt &t BRthO©butWarl ¥apd oLHO! er
according to the invent&on, sjnce the anbjent water | ed to flow

. S _cau
towards and bEFiAREar prelipleriped-having headers gt dhan rpegis en@ﬁb@%“;“?’@%’&@rhaﬁ@ t he

heat transferoppdling and Walld Whith aheperperaidulaiio A LR QF tHeORLRI altl pEAM hy 25
bei ng used. This increase in heat transfer is due at least in part to the

i ncrease in %2ch piiee Ardadt as p harien toymbienhwpeeiew vplative tathe kee cpoler gsdhsvar d

header and;al g Al tORIRRALARRE o300 Bugh c¥kieh©The PhBerRloulal Geddgpor tant -

aspects of keel coolers for vessels is the requirenent ey take up
as smal | an awalls aprresponsible Serdhe ersatisn of fead spoteiadkeof pmbient waterflayy) aptkseedi ng

30 thelr healy gxelanae &Aaul" RN ooy Do Blelsith SHLERNE el Bl 1 COO! ant.

flow. The area on VESse I'sS used to acco
cool er is refthe deadl spotsi nint ddditionethdPefpbhdtdeAwaBTdiBOsH the5B8v of 4mbient

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



art as the footprint. In general, keel coolers with the smallest footprint
and | east _internal préessure drops are desirable. One of the reasons that
the keel CHRIEH28escribed above with the rectangul ar hee@T/gsood15e9 i on t ubes
has become so popular, is because of the small footprint it requires when
conpared with other keel coolers. Howevér, keel 5 coolers according to the
design of rectangul ar tubed keel coolers 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 aspeat gs thef footpeingr d@s gerterdlnkesh icoalers deitic thicbanthlladt dfsetpfianand teatur t her

detail belo o) ) avi mal ler footprint nd | ower .internal
pressure dr \é%tserééafﬁlleﬁsg'ges‘lirﬁse?e %ie‘ler%}gga 8° 0}1@3 FE;BY B'Qh@]ﬁiff’%é’ggleb&?rﬁ@gpr esent
i nventi on. \Wbeme with thepkaanpais hdat seralhttiont tulies hasierokie & papalir 6k Becaug &peci fi ed

for the presen ate. of the ar an even qgreater differential size is
required \/\hetﬁe %%?T%goroépd"@lttrﬁqufrﬁ%w}’?ﬂ %‘wﬁf’%i ‘ng?fg?rgﬁ?l cgelefse 9"?’?38%1?‘ | ow.
SUMVARY OF Tddblers\acEdidingto iHe detigh of Ribtanfjl@Giibedlketl@olRisg@htly PaigNtdeAN tO
provi de a heat gxchfag%ﬁg for flui,d cool ed heat, K sources which is snaller
than corres ;e)l?fﬁﬁ TG e Y% WE RIS ALV eRigts A S lgrger amRecreay beshcinders of

capabi | ity. sicinb e relaiedGhter@hl préSurd dRPE By theMRBerpbdtlon Sf the vERY bgRcRN

i nproved heat, . exchanger for industrial applications which is nore
efficient tHEihsamsent inventiyedescribed ghpyes (and |iy frthstidetaih delowdgkeel coqlersyet

anot her obj afbingfsrallér DbSHER tank MARHih@hal BreRRVirdEs 28 HolRBIOY . pi ece
heat exchanger, Por vesse?g vmainch_ S l'm)r(ea1 grfef I Ci en?s In ﬂﬁgggt%l t ?;iﬁ%[%? t han
present | Y10 prighnrdyandagss afthe presant inveniigers. A further object is to provide
an inproved one- RVRLENIBAL paX ' . sure drop of
cool ant flow ng theret h{r?%]ué’m %%a?gﬂwﬁ rgsgEfeé(g:?o%gg#%g&béegggﬁpg rr?\g/eélﬁt lon is
to provide attq eftheagdamenen gireatas differertiabsich rmgguiretl anlien goinpared edthahet i on

t ubes which r; ' -section having a length which is
reduced in zsgmfn‘r?‘%%ﬁ‘tg}ﬁgg%ﬁ%ﬁt%ﬁggt exchangers due to enhanced anbi ent
wat er flow across the keel SUMBMARVOFAHE INVENTIONt is to provide an

i nproved ;@ne- pi ege . exchanger having a, reduced sjize from.present

one- pi ecelgheat egtclﬁ%%%egg(%f %%}:Fsgrpég‘fegg%gqprpyféﬁgfqut Wﬁﬁ%éﬁ“

PCT/ USOQ 41568led h&at cayredsi whitlyis smalleeiug coigeshiilingemat fkchingeRehadBatmnd r ansf er

tubes, the rs]elljmngﬁerat gichgryggecgpagﬂi%{.or

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



the size of the tubes. A still further object of the present invention is
to provide W. gne- pi ece heat exchanger havi ng-rectangul ar shaped heat
conduct i onvﬁj@z’ézﬁhi ch has enhanced 5 durability conpar @¢TUSOUEEY cool ers
presently on the market. A related object of the invention is to provide an

i nproved heat exchanger and headers thePeof which is capable of deflecting

debris nore readily, and for presenting a smaller target to debris in the
anbi ent water. Another object of the present invention is to provide an

i nproved one-piece 10 keel cooler which is easier to install on vessels

t han cor r espotfirbilityketedecing the length of the et rapgherituhes the Rusmber vEtubes gndfor her

obj ect of theyRLESEthe hib¥ENtion is to provide a one-piece heat exchanger
and a header having a | ower weight, and therefore | ower cost, than
correspondi ng one-/pséthrtherabjeskeflibarresest ipyantiomis|ty proyidg samewoBe-pieoe heat obj ect
of the present, il ] i | one-P| . nd
headers thereo hﬁ%@/ﬂlﬂ %%‘R&ec%é%gﬂﬁér g‘gthg%toﬁ)gggdt@gﬁm ugélglcﬁg@??\ééggﬁce ower
pressur e driopdurzbility cbmpared fodwelvgoletsipoesepitlytonehdmarkelexchanger t han
correspondi ng he [ £ ntl.v, k I j.ect of the
present inventi ona}% ée‘i‘?ﬁ%‘?dg%gef%‘?b‘ﬁ’%o onéllg)rpg&}/)i?ee%dgiﬂ%%c&%d hgeg cg‘ﬁihéﬁ%"ﬁg‘%‘? for a
vessel, for usedastharepfwhiol istcapable qfidefléctingdepris netalehdily, anidoppreseatifieat
exchangers whj ¢ i1l surpass.the.overall heat transfer performance and
provi de | omersmagffgé’@ﬁ% 8‘5&%&“&%&#‘ ﬁ‘ggtﬁ?i or units without requiring

addi tional pl unbi gpotiet objeeiifrthepresemdl ihiventivhak s pReile rafGhipfc/e® PhSpiet®

accomodat reater heat. output.. It i s another object qQf the inyention to
ot ovi o a0 5P GHeT WG s SETEr o mall 58 Vs Up dorEsReRbng SFo ey

rect angul ar qpedenditorf thoWaikéhes. Anot her object is to provide an inproved
header for a one- %gce heat . exchanger w th rectangul ar. cool ant flow tubes

whi ch reduces t he Y¢taduahisiabiash Pt the Rreseat sntion iy feprovds deepermererheat

transfer capaRtfangiregndoh 1RA&rPHRRG 4 98WerCHERRN A8 Sherbff: 1GHRALosD thah -
reduci ng the flow of anbi ent water around and between the coolant flow 30

tubes. A fur tREFsPERging pnegricqehgatienchangaropresestly  use-ovi de an i mproved header

for a one {40 01/ 33@1@@&? ngebissp'ﬂgel%?e%fnt' vtk aqs E?ebrggﬁgl £Ton¥plede Meet angul ar-

cool ant flow tubes, by reducing the [ikellhoo anmage to the header

from stri ki ngxehapgdrsandnitbadang) dhepeef davippjrectangulah hedy condiiction &itheg) daving 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-

T



the keel cooler. It is still another object for the provision of a header
for effecting increased 5 turbulent flow of the anbient water flow ng

bet ween aﬁ@"ﬁ?ﬁﬁﬁd the heat transfer tubes. It is an acROWUSHHEISIOb] ect to
provi de an i nproved header for one-piece keel coolers which enables the
anode for such keel coolers to be | ess-bikely to strike debris and
‘underwat er objects. 10 Another object is the provision of a keel cooler
having a smaller, and nore streanmlined profile to reduce drag as the
vessel with the keel cooler noves through the anbient water. Another

‘obj ect is t opipeedseeldeooder vatideectafigularacootuet fibwe rebehclat reducihm tigdikelihidazihof

provi des for C at. exchange, bet ween .t he, coal ant. and t anbi ent
cooling 15 Gan %Bﬁ tgg%%%grs&omnéts%ﬁim%ﬁe %%-ﬁﬁnd%jat&{))bjsqs ‘fvhlﬁg ﬁ?‘ggg?ﬁ“agenventi on
is to provi dibe beebnaplgri ece heat exchanger and headers thereof which is
efficient and effectiye i uf acture and use. her ohjects will becone
apparent from't hel{aifesé1 lrz}rﬁgpﬁ%f‘gatgﬁme&wgﬁﬂnPfﬂrhe%?é or et trorpssdns . 20
The i nvent3 omrtuenwiibehoft the it inaitdr i fuwins belive@C irftlarlotin® (HRNReP ndkgerheat

exchanger, I’Mﬁ heat exchangers having two headers which are integral with
cool ant floWPtubes. It is particularly applicable to heat exchangers used

on marine vessel 9t &San SddHidHaF 68le@ab! r6¥ide Wh infifroldl hddalr foP UnEplecdikBeial SO
cal |l ed keel coolers. However, heat ‘exchangers according to the present

i nvention caifekrswhigh enpbley thegmode, for ispeh ksebgoolzss tgdadesalikely te siike debrisor

heating coolanghun@&@wief bijégh. i n other situations such as industrial and
scientific equipnent, and therefore the term heat exchangers covers the
broader Hescri ptAnsthenpbiestds gheoprgvisioni ef ukesk godhesrhaving aTsreallenaindenerhanger

i ncl udes t WosRRARRKISrofiléRFre@RE dgaf edggﬁ egﬁptvﬁﬂghefﬂegvgo{aﬁgﬁlﬁvés%%ﬂh Wi th the

header. Al though keel coolers Ient water as cool 1 ng medi um the
br oader ter rAvgnt ¥atepol i ng mediumis a 30 heat sink or a fluid heat sink.

WO 01/ 31264 PCT/ 4 f F PTION OF TH W NGS, F] GURE |
'S a schenati ¢ vi'autet 99 is 1d pEGEs BiRdstlor b o e hER, FRShRREPEPch £ R 2
is a side vipovidds fan estmgeaichdad exchangessetwednatit Bgolant nd-the @Ebickeedoling 00! er
accor di ng; 4 Omécﬁ?mgﬁcih%w%e; installed on the vessel and connected to the
engi ne; ) '

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.



5 FIGURE 3 is a pictorial view of a keel cooler according to the prior art;
FIGURE 4 iwodppksial pictorial view of a partially cut- r and a
portion of tI!|e cool ant fl ow tubes of a one-piece keel c%g?éfag‘i%(érdi ng to
the prior art; FIGURE 5 is a cross-sectignal view of a portion of a keel
cool er according to the prior art, show hg a header and part of the

coolant flow tubes; 10 FIGURE 6 is a side, cross-sectional, partial view of -

a portion of one-piece keel cooler according to the invention, show ng a

header and part of the coql.apt { t ; IS a pictorial view of
%e@i%&g& @Eﬁ%ﬁ% nvention, wth .

a portion of a one-piece SRt ot e

portions cut away FIFURHERES8 stematiPriew Of & Béat YiddngRt ota eSSl Sl thaRdtgpart of the
e- pi ece keel copoler according to the

cool ant fl ow tube%ég{@% 15 o_r(] g

i nvention; FI GURE 2 & y8dg Vi Sframeemeder fyessshpaing & onsRSHksh FI GURE
8; FI GURE 1QobRr &ccbiditipito HePHoPhrk StaReid 18é Weksel BRdorinBeréd (' dhdFendine | CURE 11
Is a partial bottomview of the apparatus shown in Fl GURE 8; | GURE 12 is

a side view of a PFHFYRER ivt pigtoralyirey of akee) caplerpceasding o theprgseiton 20 showi ng
the flowlines of paGOREMN s WRkRAIpidAHAl viel 0B RirtidiR; duf aRayliealid? ahdh pitigy’ Of a
keel cooler according to l%%\\g in\?(lant.l on. 0DEE@I Tl N ¢ THE PREEER&R)EVD
EVBODI MENTS T hefcaelaatfiom tabes obarpreriiere &ead foaleriaecording ioltbarpyior aityst em f or a

wat er going vess L The.. ' : t
source 1, a heat g(%ﬁgggszﬁrgg\@(gk geclﬁglggﬁ%gl ?%%@‘@%ﬁ@%%g&{lﬁgﬂ%ﬁ% nggdgl ant
from heat souhcpriot attoshowintg acheadea agrbpartf themdolanifigretubes; or conveyi ng cool ed
cool ant f ryn heat pRXGRANGEE sihe! GolSBoRRULAR! diow B3 pord Ui e biofOhlef] bE a0
engi ne, a generator or other At Source Tor the VedSE REatT P anger 3
coul d be a orneelpt acarding & the dwémtion,(showing a beddyr and panp bfthecdotzat flowtlbes; s ar e

di scussed herein, r.e gener.all nly referred t erein as."keel

cool ers.") Heat 38@@%2@ cigrigl yi “%%‘%tpgémpﬁi”? ﬂ‘ée'%fﬁ%ﬁ%%tm&ﬁr[aézf‘?mﬂ%%ow t he
wat er |ine (ithesinvéndibmwithipertionecabwal; water |ine), and heat fromthe hot

cool ant is transf hrough t he | s of 01/ 31264 PCT/ USQ0/ 41599 -8
heat exchanger 3 ﬁéﬁ&%%éﬁ@ t°FﬁWW%@6&‘@VP%?@?CW&[9 'f—q?’ 2 shows
a heat excprangebiedelkddDibdleetbcoriding /@S ERkntiohor transferring heat fromthe
coolant flow ng from an engine or other heat source 13 to the anbi ent

wat er. Cool ant | SYEURE 878 ivide vew ofi naet of the apparatus showmindIgURE 813 1o keel
cooler 11, and 5 hﬁﬁthnggitégfbn{Q@wgfﬂggppg}agwsmvgﬁnfﬂmggl cooler 11 to

engi ne 13. Keel cooler 1
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

T



attached to, but spaced fromthe hull of vessel. A keel cooler 17 according
to the prh&; are is shown in FIGURE 3. It includes a pair of headers 19,
21 at opp PB12Mds of a set of paral | el , rectangul ar coBCHES00{4IS9% t ubes
23, having interior tubes 25 and two exterior tubes (discussed below. A
pair of .10 nozzles 27, 28 conduct cool-&8% into and out of keel cooler 17.
"Nozzles 27, 28 have cylindrical threaded connectors 29, 30, and nipples
31, 32 at the ends of the nozzles. Headers 19, 21 have a generally
prismatic construction, and their ends 34, 35 are perpendicular to the
‘par al | el pl ahea exchapgsr 3land expellphinto the dodlonambientiwitaces of tubes 23 are

| ocat ed. Keel coo i ted, to t hul | ;of a vessel  through which
nozzl es 15 27 and%uéétzeﬁaggEg’r%gte&ﬁgas%& s ggunted Ogﬁc‘ﬁisﬁ:gvfgr H‘f‘fé‘@flﬁ%

a?ai RSt headécasfm@;ﬂ)z];oolamﬁmmh 'g%ﬁeh;gan @gihetoh @tiet h?t s&hd@l&?ﬁg@ggﬁlbiiﬁe Eul I

of the vesse r r's : e disposed on the inside of the

hul | when keg‘fategggp(gllmt%%?‘%%’{eaqfigﬁs ﬁz{]ora}g\fs g}g’mealﬁc}o t]](ﬁ"ét"a?sle’i/\b}sﬁ'éq s 40,
41 sit on 6ubimkthwagl treotiRB flo@SDipd\idi kédl,codids 1 Wi diBink MR Kakl dboRr @1 igrade
frommetal c tible with.the no screw down on sets of threads 44, 45
on 20 connec?%}r% edz@,’g‘ﬁ@%@%@ﬁ‘ﬁﬂ%ﬁﬂ‘ﬁ?eﬁﬁ%kets and rubber washers agai nst
the hull to hold Akeel coblepl Baccdlirigto Bhedsiidr aRds SiRfn ik FEGURE!3. pepehigad | ons
fromleaks Turnj n? toQ FI@JEE 4, a partial, cross section of the current

keel cool er 3ZPESF bradgrst @ opppyite ends ofhiet @b paraliedrestangplacepatang flovs  shown.
Keel cool er fubed 33, eGP i@ fbr Albel PEakBlv i UGyt | r

cool ant fl ow tﬁbes 23ng;nd trr1e SSQﬁeadeP@gﬁﬁ%ﬁkéﬁ%%S& t%o‘mzqiil (e&ggp?g
connect ed 1P onprelsg . 38 copgduetcoplantyiaty and awof kead zodler 177 NezzlasidipR® had, and
connect or 29 :\1adritd ngaLe ' ; hgr. 40 and
nut 42. Ni pplc% SIil of nozg?gm%?olg?%g?’%glﬁP&B%}égé’e%?%\ﬁﬁ%qdaggm\léﬁéfﬁg& of a
connect or 295§pfleEn19d1lehays 4 senertdly trimsmatid tonstseciives akiothemsends 34ppearenal | or

roof 47, ou moIs . . wall or.floor .48. der, 19

i ncl udes a s}éﬁ)ees orﬁ g%{hk ip%élel?l?ﬂ%fé%b\?%kﬁgf SPPeERe foy r\ﬂi’r{%esr%gs}_‘ﬁge@fzgt o tubes
23, and def i are legatede Keelrcopler &7 iseconmotid t&thedilliofit @sselrthiougiewhidh noZAMss Sheet

‘Has Been p 11211111 11, 1 (1L WO 01/ 31264 PCT/ USOQ/ 41599

-9 Referrﬁgbgﬁgz%é}#ﬁﬁggg%ﬁsa@ éjﬁm haxe ong Sige @gainst headsrsaEhdr 19 i n

Cross sect i orespetelprand thefotlicr ide ehgagtsitie Bulbof the Gbsséle Rubbe: vasierd 98 aonposed
| or tubes 25 extend through surface

of fingers 52...End.portiong 55 of .inter 2!
49. Interi or &F Jisgesed on 18813? 8@@81‘%‘# Wjj}@l’é@hcqoéerfliMﬁ)@ptgllgizoqq)vqseﬁl,mné
conti nuous smefaheashes 40, a0 g o Gubber 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 2 series of

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

ends 55 of interior tubes 25.
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5 surrounds an inside orifice 57 through which nozzle 27 extends and is
provi ded for hel ping support nozzle 27 in a perpendi cul ar position on the
header 19.W@PHHE® 56 engages a reinforcenent plate 58 oFCHHWMWALr si de of
wal | 47. In the discussion above and to follow, the terns "upper”, "inner",
"downward, "end" etc. refer to the heatd-exchanger, keel cool er or header
as viewed in a horizontal 10 position as shown in FIGURE 5. This is done
realizing that these units, such as when used on water going vessels, can
be mounted on the side of the vessel, or inclined on the fore or aft end
of the hull, or vRefening aschter FIGRERE 5owbich Bhews kel eedlen 1% prfbhegden 19 header
19 is conprised of .an.externpy 0L : : ichis
i ndi cat ed by °f?5?‘r§?cgfm’éﬁa‘|§eﬁ Iﬁﬁiﬁlﬁé"ﬁ){’%‘%? (E)lﬁcgi g%p&l?g&[ ﬁ%ggﬁ%ofgﬂﬁgﬁ{lgrﬁ% header
19. Fl GURES 42aiBtd posions\s Hof intesiprimbesi?s outnditaroughivefaceadq. Beriopybes 25 des of

interior wall 65 arge sho i.n Fl GJRE 4 and 5. -Cl or i,f } S
shown ext endi®ffy 'Eaﬁ?‘ﬁﬂbl‘?'emget?i%}ge{ﬁ/aﬁ t%gorg‘; %‘ﬁ’gmgdgpgé egcre'ec aﬂé%f% t ube of
keel cool gr sirfound®dn iiBideroaificel 6@ throtgic ewhicl inogzle DD kxtandsf dndvis prpvided dorgh t he
outside tube into or out of_ header 19. In this regard, .n lg. 27 n

ei ther be an hFlﬁP”étsuemﬁ?thPef#r]mraeB%"P?ﬂ aﬁ@oﬁh‘?n & eakl*ﬁad?r?@?n flﬁnégee%gi ne
whose flow i enpdpei £rtrdetcitient PRtedF8 cathIuridersfde GEREI1 87. or  be an outl et
conduit for receiving cooled cool aa\l,tgﬂfrphom eader, 19 fqr ci,,rp&ll aw n back to
the heat source. FBgiscupsign abpvepy o> REFME JBPEr St TE S a

drai nage ori fibge efcl rdf@ito theblieB skcRehger, Rédl sl Gealt ¥s Vibweniledhaizdntalenovabl e
pl ug. The contents of keel _cooler 25 17 can_be remved thro Qs‘gﬂéfice 71.

Still refd®ripagtiemas shewp in BIGURE 5-n Lhigdy dopg realiging thah thesemig.csu Tt can
be seen tha bagy RarPRbhRRY orf'he 3128 of MeRSeRlor rcBREd NG €.
This confi gutrugétaf%ﬁ&vﬁtas %\gés%%s?a nu.nbgdrlrﬁofodj .gadvgnt gges,e plr’ e\(/:i ously

unr ecogni zed thp/fotdnysd eq@gf@nhmib oammu_mﬂlknmtmﬁ- keel coolers. First, by
naving wal |34 porgandkesl iod Gal IR 1kEOD! @hoidd 4f AeAibs 6ggl an

t hrough the tubes, grea pressure drops occur "I nside of header 19 as the
cool ant beconesanghlao tube,adnieyof whidbils dndicatadchyi apmiesa! G8dn FHEYUREH t hlee @8#1 ant

flow Il 01/,.31264 PCT|.USQ0/.41 t - Y]
dependi n\é\q n bé’g Fé‘?’écﬁlé%o. he’flg?rsﬁl ﬁ%gﬁéqa&ﬁgfﬁlrog Sig%asﬁ%éﬁ%?ﬁﬁﬂsi:‘a}é’gd\ﬁ% g’ﬁag t hus of
heat transf eréleBof sides bhimtetioowalh65 trieishavghintFtiGUBEARnd 5. |Aeciiculapotifige 697, W th

respect to the outside of |1, 34, .the vertical | | t truction.
to the row‘%Fh%?’%ﬂ@%‘p%Pgh Hﬂﬂm&iv\’ﬁunﬁﬂ% etoﬁ%é\%gr%un g‘?%g%fen wat er

whi ch i s abl gobler 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



5 fl ow between and around tubes 23. In addition, vertical wall 34 serves as
an obstruction to debris in the anbient water and absorbs the full inpact
of the dd¥PPY312§45ding to potential damage to the keel BEBHUEN/AIEBr eover,
having wall 34 and floor 48 defining a right angle increases the anmount of
materi al used for keel cooler 17, whichHO0-adds to its expense. Mst keel
“cool ers are made from 90-10 copper-nickel (or sonme 10 other material having
a |large amount of copper), which is a relatively expensive naterial. In
addition, significant drag is created by the resistance which the vertical
-wal | presenttsbes at surping flowvates depefiing ongssistarct.s Thisdedds dgvagiet sdbétmntinwat er to

the heat exghan t uhes ,.of the el ,cool er,..a of the
vessel as iﬁfo%vgghuﬁcﬁﬁlgﬂ&%"?‘ "é‘fi(/\ﬁ?rgrt e Tgﬁgtt Wﬂrﬁg}rle gsf# ﬁ%ﬁ%ggc%Fe?%&ES 3 - 5,
gaskets 36, With adspeqpnmthedathidect wadllr B tieseetidal abll apsapas ebstnuction tohihy

i nsul ate the, header,.to prevent..gal.vani,c corrosion, (2).th el imnate

N o ot ooy St R S qifuE i AR SY fbient Sheek maeris et oo
transfer isndﬂdwe beﬁ\&aﬁ?n@%mﬁnt_ubéhezﬁeeln ﬁdllﬂ:idﬁr Vﬁﬂhﬂswa,m;?“t bavasesssehhby
creating a distance of, separation et wee e at. exchanger. and the
vessel hul | ,OPsiFycyaR tey dshrisiia the smbignt ‘t’ﬁerf?'“g\ﬁ%%bi ﬁ'&ecfﬂﬁl‘lmf’?f'é% dBeadebris Gasket s

36, 37 are gefmigb |phtefifid Qarhsge b e IRENIBIek. CMDHRSraR g Wall 34 Y1l ik 48
S|tuat|ons,éj%%s_kets 36, 37 are between one quarter inch and three guarter

i nches t hi (efining @|righbanels ingrpases; the agonny of dnaterial uspd fardreeheoolst J7a Vgl above.

The pl unbi ngqf¢ ks &penske MGk kiet c8SIERGNER MY o 301 0QopPRShskel QrRbmP! € 31
and connector 29 and to nipple 32 and connector 30. R cof ferdam or sea

chest (pakh ashertmatenadduring aalargeagmnount of (qwpperR Svhidlolny Telsiivaly ¥XPewSivR t he
portion of tRg.nez7| gd&?oxﬁggﬂ*ﬁ%ntg%gdﬂsrc?&{eld%\xgﬂé &éé@mhteewﬁ&hlme veRfichl Chest s

are provided to prevent t ow anbi ent ter into the vessel should
the keel cowdlepresentsste\ambisnty watenaghid restrictothe flomagf anlpientevaieriioghe hegait er

Dot ot o Slngt 5t e 1L kel bl B B! ol P or B VRRORY it hoel®

t he preferrabroagibthdiwaent 30 is shown. The enbodi nent includes a keel

cooler 20Q wth caqlant. fl o (or heat ansfer, .l uid flow tubes,
cTnce i o Bom 1 nSilndEing rHAURIEs L S alSias, K AR Rebiosh rinpeBi Dog
PCT/ US00/ 415R@osesl X1 rmey @shlate the hosisk tiprévedCan®ranicl cprrbh6d, E)3HeyodlinGhAs S
section. A header 204 is an int'egrlﬁl part of keel cooler 200, Tubes 202

i ncl ude i nt dRUGRLQH of Hpkient Watar 4po the Beysely dds(3D sy pramit beat drapsfet indhe oxt er i or

tubes 208. ApiRzagtees the@¥i BBleFuBEY £id e AL 5%5&&9@@ HANREGF Mparain are the
sane as those described earlier and are attached to the header. Header 204

5 includes AVRSPhe hadt| exghanggoandathy, vessehdyll) alipving sepicah avaissrte| fw 212
having amge rtﬂrough 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 1is 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



wal | 214 transverse to (and preferably perpendicular to) upper wall 210 and
a bevel ed, 0bo}:‘tom wal | 216 beginning at end wall 214 and termnating at a
general |y MOPA84er wal |l 217. Bevel ed wal | - 216 shoul d FETAISCUAIERI | n

l ength (fromend wall 214 to lower wall 217) than the height of end wall
214. An interior wall 218 (FIGURES 6-7)-bf- 10 exterior or outernost
rectangul ar flow tube 208 has an orifice 220 (one per header for each tube -
208) which is provided as a-coolant flow port for coolant flow ng between
t he chanber of header 204 and outer flow tubes 208 (The chanber is defined
by upper wal Fooer) 202 havisg# genethlly ueqtangulanerossrigetione i hepder 24ais apimdegaddr t i on .
229, "bevel ed bat Wl ARl oGt puk OB bl 1204 FAhcP ORI S s0d BRder 204
al so has an ahode asse not s u0|n corrosi on t he
keel cooler. @Mmoatamm@ngp@besm%aw1yozcl§t27amggﬁpﬁkJREaﬂdﬂk®é¢d mmcmr 200

i ncludes rec t tubes
208, and i nne§§q%92ﬂ%£€t§f%%%%%weﬁp%%§ %fa Mf@?%’u gpﬁ%‘g‘{ q-tll%ggers@b aThe
‘open ends of imludéssamouppeowaB of erof 2|10,taebavelled h:lmlssberﬂq&rmﬂlézhmﬁngtap endner al s

227. Tubes 206 I h,_header 04 t h 20 i.ncl i d sur f RE 6)
on the opposi I'8 gL‘P'E“SY“FF‘Q?S 8‘#}%‘? Ftwﬂﬁgﬁ) eé%te %’Jtubes
208 have out ebotivad tall 236 begimihg @n‘ enmvalhzlaraﬁadaér&ﬁnduhg abh @enerdlyl ffat qxfwerheader

204. A gasket simlar to fqQr the sa rpose as et 36, is
di sposed on rwéf%kﬁohe“ﬁhf‘g %b?gng‘f"“gé\?eﬂ“?&r\% epgtgi °‘F‘§n§|’f"”t%??dg f® I¥eTpart of
the present i@xgnt7)Ghan e heizht 8f SRAUSAEE4) AR fifteridr ReallaN@| @IGURES guptogd as 0
(theta), is_appropriately nmeasured fromthe plane_p qzlpéendl cular. to the

| ongi t udi ndf ThtFTRE OF BterRostsElrRgar oy fubs #i8has o orifics 320 (ansrrr hepdet fog part

of the cl osedeRReuRPOR) wﬂlcafls %&%ﬁi‘é@d a@&éoom@ﬁed ;J‘owfbhé&lant hemnyb%tvé‘eeﬁ of
open ends or ports 227 of romend wa to bevel ed

wal | 216. Angthe chamber ofjeadsr |29é6n‘b§u@rﬂ‘{¥‘ﬂub?sl2(9? ('B*Fnghémbﬁr lﬁé‘?ﬁqeti by upnext er i or
to end val | 24 ol dealsed oifick it 6RY be BkPepd poritn T990KEE biih 2 Pl ane

per pendi cul ar to | ongi t udi nal axes w t ubes 202 and roof 210,
and it is al owgl gl lmrlwaﬂﬂﬂandmwwélﬁnﬁqgimﬂoﬁdwh@@nmpée Shewehly Has

Been Repl areduldddbiiah! Hhdddd ddsioh of bekbdi cYig,01131264 PCT/ 1JS00/ 41509  -12

bottomvval ctors termning angIeOareto mai ntai n the
center to center Clnsidennge spdcificaldy rvor zivay sliiGURng7 tkeelneoakdral@0 tinedudever al |

~length of t he ?ﬁ%ulagﬁlg)eﬁég%g}tg érgL%'?(}\ﬁglll < gﬁbr %tlt{dco% ermo&?ube 989 tapld Enrxllgr wzﬂ?f of

t he header

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 @ 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

is Sheet Has Been Replaced
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anode insert, to keep the anode assenbly from extending | ongitudinally
beyond wall 5 214, and to allow for the maxi mum | ength of heat transfer
tubi ng (aW@WBR64ssoci ated reduction of the length of trhuernispersissy. Angle O
could be affected by the size of orifice 220, but generally the other
factors |imt angle O before the orificpwuld affect it. Another inportant
‘aspect to beveled wall 216 is the manner in which it directs the flow of
anbi ent water over and between the exterior walls of coolant flow tubes 10
202, to increase the heat transfer between the cool ant inside the tubes and

the outside Bdﬁbhﬁﬁrh]l\MSETThe Ifdctops Ifdr deeerm@fiad bt bhed tolimeiftaid the defitePfo art as
shown in FI GURES 3 - vertjcal wall 34 diverted the anbjent water as the

vessel passetfateh é}S@Pﬁ‘? efuhnnozzls spacing. 1 maingaimthe overgll depgthiof the keehenolsrcant

ext ent went @r de*?ﬁﬁ&'ﬂfﬂr&g%ﬂea@?ﬁl%@&'&% IRAEST sb gt t@%aae%ﬁfiha@@ﬁeangul ar
t ubes 27. eferrlng to FIGURE 12, which shows a side view of keel cooler
200, arr ovvs a’B de fpserts Rekeen G Ppads sesmbly fm@émdmealoesm&maax beyand|walloo| er
200 as thes kegy, 2R flow ﬁp&@mﬁmeﬁgugbfhéah{r%%;' iR

NMssotRitéa
Arrows B show that the water inpinges  on beveled wall 216, flows around

t he bevel ed wendtiongfhe length ofghe hraden.oAngla Opoulddgraiectedibythg sizaof prifiet sur f ace
229 and up 25gh BRMEAMIFRALLAR el @Hntit DR Chdore Y Giick Auiaheted if UT DUl ent
ease rans 0

which greatly rnc rom Reat ‘conducti on tubes
as conpared to tﬁmtﬁmrumporamt asptr tonbevelel WELIRES iSthe nﬁanngmehuduahgt dirarnr e

~efficient an t exch n those |or a Keel
cool ers accot?la oar?l?%’tlmr?f’? a&’%ﬁ”ﬁfgglhe ?i‘éer{oﬁévﬂﬁﬁt E"T?e prior
art, I?nfj IGIC1|.7ﬂ2pﬂ:r ﬂ:t:tbaﬂevmef hﬁﬁdﬁsﬁeb r\betwaBn ﬂfe&:lgﬁnﬁﬂl nﬁﬁﬁfdlebﬁbealan@ﬂfe&mtsﬂfe ]
arallel coolant @ 25 flow c n. keel cool er ac to_the
anentlon i &8 8%‘?”* IE—‘I"C‘HEE' le‘@HPt tpi,grg?rg{‘eag °‘K‘él§’|ﬁ9gjc§¢gr 3 290"

havi ng opposveiged dall S4sdividid ickenbidie m&e as B1eQMBsel PaskddGhEBthioug @ digader s
shown have theﬂngentlcal nupbers to those shown 1n FIGURE 7. Heated

cool ant fl ui YeAmBigat VAo 3signpisant exteptywent grauad rather thag beteen and et theessel |

then fl ows t R0 rQomeaaleds 2204, the cool ant flow tubes 202, the other 30
header 204 e ot her nozzle 27, and the cool ed cool ant fl ows back to the

heat sour 1:% in tReferviag seFIGURE 12 whichwhays eisidsutgw pbkesbeanler @00, am$ws00l ant
fl t ub 2 SMBQF}B%%@ l I 1L 1
I ?\IN V\:!J) gi/ 3@%’64&%§%§3}8 Hig’g Coo! & ?Jsfkr%%c lee%s?b s %het]%)ee{ hlé’léarmb ent

water. Al | omovésdo thevright tarpugh tie aibienbwetet. cirawes B shcﬁﬂﬂlaathmtet impiegds cool er
200" .

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 - 35, 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
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The keel cool ers described above show nozzles for transferring heat
transfer fluid into or out of the headers. However, there are other neans
for transf XN uid 5 into or out of the headers; foRCEARMHAIE in

fl ange nounted keel coolers, there are one or nore conduits such as pipes
extending fromthe hull and fromthe keel3-cool er having end flanges for

connection together to establish a heat transfer fluid flow path. Normally -

a gasket is interposed between the flanges. There may be ot her neans for
connecting the keel cooler to the cool ant plunbing systemin the vessel.

Thi s 10 i nven¢dodant irgnsfansikgae tocthe ambient wasert \Adbofithe edvantegdsiof theusweled @valloi n t he .

keel cooler t yhi ng system The invention has been
descri bed wi t%lét)%ﬁyitgg%ér@%rlee&gyénce to the preferred enbodinents thereof,
but it shoul d be UFigckest omdbrs Hescribealr abave shosv pomdlesbali transfetringriseat waiskirn t he

spirit and sc .of the invention occur to those skilled.in the. art to
15 Whi ch 't ho TG 4l ob 5 BTN, BV eRE e 8 olien et e 9
Sheet Has BeeintdRepdutofthe Wbaders; for Gkampie dniflabgelthduntedlkeell doblets| 1Hetd adelone | | | |
1. A one-piece heat exchanger conprising: a pluralit f cpolant f|ow tubes
extending in ¥ PBWg?qné'&fsnﬁi%ﬁd’F rpélg'g ie(ﬁ?nfhg? ﬂ°€£ﬂ1’eyl?"}lllga‘{d0§?’3n © el ‘E?O*efom a
heat source fRuvirg eat Safdes far@Fotaadtiod to@éthdr hE estadliblnn beat fradskatiflicO@V pal. medi um
and for returning,the cooled cool ant flujd_back to the heat source, said
cool ant flow &B‘F%%lyﬁ_ b‘samwsﬁﬁ’qtﬂ?%rd‘? fltnges- o Ber%ma@gle&fheé means fohes,

sai d inner tuhmsediayithe kadl ¢RRS o ARE cBShnOpluABRE SReH Ml dhei vEBied epgh ot her;
a header connected to, said_coolant flow tubes at said set of open ends of

sai d t ubesl0 siayenting sindensadant of te tyns|of comnsetiqnoised tonjoingthe ke €PlEnl theol ant
from 10 and/ g fehibmbing Spdn@0!l ant to said cool ant flow tubes through said
open ends, a closed end portion opgsi'te said inlet end portion transverse
to the |ongitudi nalhe igyengen hasbesh drseribed ogthapartiqulas\yeferepess to thei prefefreded end
portion havi heve : : | ar at
he begi nni no ar<p i et Bal y A 3K anliBbal pal Bl RO RPORBEERGIL ol ot
fl ow t ubes t owishioghesspinit dnd| seopecefdthe drventom. maysoRur & theset skidled Halgreart & cor di ng
to claim llWﬁi%%e%n@%%ﬁf bevel of said beveled wall is at an .
e (thet

exterior angle a asured fromsaid end plane to said




bevel ed wall, said angle a being between 0 and 90. 3. A heat exchanger
according to claim2 wherein said rectangul ar coolant flow tubes have

ext ernal EPHBRY ghts of 2 1/2 inches, and external sidECHUSIHESYF 2

i nches. 20 4. A heat exchanger according to claim3 wherein said angle a is
52 5. A heat exchanger according to cl-d#m | wherein said header has-a-fl at
‘upper surface perpendicular to said plane, and said THissheduRH. Eiegn
i ncludes an end wall extending fromsaid flat upper s ng in
said end plane, and said beveled wall extends from SaU"EEﬂlM an
exteri or andVeat® daimed ai d end wall, said angle a bein 0 and
90. 6. A heat exchangegr__a | | . erein said bevel ed wall has
a length great e?' tha% otngg’&ggel Sﬂg(cg%ggac?’hméﬁﬁgmal | . 7. The invention
according to clai m5 ahbraiynoftdeelaicioyhtubesfexteadidg énal longitidinat dinestiomgfozat er
than 1.125 inches. 30 8..A Rheader for a heat exchanger far cool | a heat
source, the heat cwé%%o&apt ngﬁ%ageaﬁlsﬁl#rﬁﬁ fotrﬁrag%}gTﬁ% gat %851 tglgtc OQ%(%W t ubes
extendi ng5in a | daidi douling vatdidh agd for deturhing thel doblefl cbblhnt|fluid back fclthd hédt | 111 L
Ms WD 01/31264 PCT/USQQ/ 41599 Thi s Sheet s Beep Repl aced 11|
101111111111 11 Ffurce. 5a 6%&%3%‘&“@6%‘}%%&??‘% fibes apd srteriag E‘:E’le%r

transferring heakaid 8t fubed hadng &Ndasf dndisét of Gped endd proimBRhchdthek;, t he cool ant

fl ow tubes being generally rectangular in cross section, and dispqgsed in a
general |y parallel rePQ?ardﬁh%qF}P‘iﬁedgﬁém‘?FﬁPé@tQ%I“&??ﬁ afr%ﬂts&efeflt}@gnﬁrgfﬁﬁg at

| east one set ofsai@ms,edamsma&rma%% ih tidled &hdGRERLROID Blceiving FolBREGH
conpri si %: 5 an inlet end portion for receiving coolant Trom and/or

del i verind cool afed/on éeliverinsopelaniciacrgidgpolenicllo atdes Bueighrseidiqpeerdsbes; and a
cl osed end porti Qﬁséapé?ﬂ?o}tﬁmt%ﬁggsﬁtb @Ai&tinlﬁfbﬂd oh Wansvedd th b RigAudg

portion being transverseé to ongl tudi na I rection towards the cool ant
fl ow tubes; thedstction®fsrid cpdlantiflow twhes, sad alobrdyeridendriionl havipg\acbaveled r om an

end plane 10 per ' ' ' ' i | ant
Fllow tubes and | AL eeptediford f &ldpiaR Bk iE e DEhIrB0e Ble el S
furthest from théongatdind dogtion efwdil coblanttfloer talses kewrrdsf shid\inlet dné portiom t he
directiontowards th ool.ant flow.tubes. 9. A hegder accqrdi to,claim8
andf ur CHS compet < F SRPOARSE Pooginedds ey et fhe amod ey Of e

| ongi t udi nalbeckléde®hll @ at & extérior ingle PR (thetHXhe3thed Grobd 64id fd! plane to said

" beveled wall, said angle 0 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 ' inches, and external side widths of 2 inches.
20 4. A heat exchanger according to claim 3 wherein said angle 0 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 0 from said end wall, said angle 8 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

e



15 perpendi cul ar to said upper surface, said beveled portion extending from
sai d end WghhyssQwar ds the coolant flow tubes. 10. A heager, |ng to
claim?9 vvherell n sai dmembtéﬂsmhkeplsed)evel ed at an exterl orﬁgﬁ‘g
(theta) neasured from i |d bevel ed wall, said angle g
ade
accor

bei ng between 00 and according to claim10 wherein said
angle 8 is 52. 12. A hea I'ng to claim9 wherein said bevel ed wal l
has a | ength greater than t he hei ght of said end wal | . 13. A header

according to claim 9 rei.n e h f eat er

than 1.125 i /fEREUE coplant °WR°B‘nag' Sk E‘g &oégﬁans? Eeaf'j m\k%et"é’Pla{‘/tg%us“gf s, said
keel cool er GriElda siflg thebcadlaut Adw h;bes)f)cmgwﬁhéralty)tﬂcalﬁuldr|1mmto'ssm:exﬁcbnd| ng
in a longitudjnal direction f@r16 arr c.ool an f L Ui at source

for transfer rdisRgsedn 2¢1e ?8105 CUPRFT £8° MP‘@’ b ‘Q?g Qg?ﬁ Y i nner

cool ant flowchélmsmﬁheﬂisgea@minwoearceamanwlaeraderraompmg sectlon and
di sposed in a generally raI re ati gnshi tﬁﬁ &QEH .cool I’int flow

t ubes havi Ag at | east hresryee f “’8’9’}%@0 -----
--- -- --- ¢ L WO {ht @f}dsﬂmﬁsﬁté?aioldﬂaﬁo@ﬁees Bﬁpl aced PCT/ USOQ 41599
111112112111111111IN -16 a header connected to said inner coqlant flow tubes
at said set of open enh@loses englapogtiqn, ArRosigeo it et iangd \portisne ga1d slased adyger
having an inl et eggm COO? 'ﬂ'alisgérre fo5hé 'léﬂgﬁﬂluﬁa‘?(air@d%n ftJv%&sath/c%larHQio'wV ering

coolant to inner ant ow tubes sai d en ends, a cl osed
end portion opposiubes; SlmeSﬁd\b@dp@h@n krying) 2obeveled W&Hrb?\?l qrp ap e plane

ong ¢ udi gl 9Lt eRb LA A RALAR ad Al SR SoolbF ey S s BRfka POT L1 O

having a bevel ed an en ane perpendi cular to th
| ongi t udi nal di reatapanmﬁsamla:icmed:milmnionfsp@ndﬁumﬁamht @ﬂ@fenbnaﬁmdiﬁfe part

of said closed e dé’§ rti on &%dﬂgc%ﬂ%“ﬁpﬁgﬁfcgélﬁﬂt%%@ rom sai d set of

open ends of sai on towards said
cool ant flow tubes, A(heac&r aécoh«ﬁ@ tec claine 18 andcfiorthiir ogmipdsing an mppet swkfageei n t he

anount of bevel sai.d Ied ext r ur ed
from sai d en&e‘ﬂﬁ"’j ep"f%]e]s? ‘ﬁ@ﬂlvﬂmﬁm ?Z‘{'ﬁ“ Ry ?'Vgﬁ) x% ‘ﬂﬂ%fﬁogs%n%tshan
900. 16. Askeeipesdiéillf o aeﬁ&eppér A@fate) saill devalelportvarexiending ifidmr sk endgudllar

cool ant fl ow
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 9 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;

HII\lI\ l\ll\\ |I|\| \\Ill \\ \II\




t ubes have external side heights of 2 '/2 inches, and w dths between the
respective sides ~15 0of 1/ 2 inches. " 17. A keel cooler according to claim 16
wher ei n SYPHIRREE e i $heHRas HeBn RP1KRE! COOl er accor di ng RCFUSPUIER914 wher ei n
sai d header has a fl ' ce perpendicular to said end plane, and
said cl osed end portiﬂ!“ﬂﬂ'ﬂj‘@ﬂlﬂiver{iﬁc—al wal | extending fromsaid flat
~upper surface and bei pl ane, and said beveled 20 wall extends
fromsaid vertical wall at an exterior angle 9 fromsaid wall, said angle 9
bei ng between 0 and 90. 19. A keel cooler according to claim 18 wherein

.sai d bevel ed wai | has achesder camected engpichingereapknt fllvambeheat $ael ghof opensai d
vertical wall. 20, ,The invention. accordin Q claiml18. rein_the height
of said vertical e\f\llg ‘Ftes 570 c%oganéﬁ gt?lébres’ts%gh‘ei&i q%agﬁvvsg&ngfp Y nﬁr%rader for
a keel cool er f orreceiviag @ovlavefae hnd/didelikem codadtes idhavsaidgoalantflow @best y  of

I nner cool ant flow tubes. extendjng |n | ongj.t udi nal di.rection for carrying
cool ant f1 ow frorRRL 504 SRt gs g elepecd sk pion, gpreaits S4d Bl ROgiman
fluid toI asbi ent  trandetse to &b%n'gmaédiwgﬁmfsﬁﬂg@mblhubhﬁ tblﬁsslr]@idgﬂh%ed léﬂ|d| Iy
rectangular in cross section, an i sposed in ener a aralle

rel ationship, the&FHEIVEEA ?#W&&WP@%&W&W@W@F@&@M Q& of open
ends in proxim tYoh@mBRaindiRENE of stidi doRRCAEF b VRId! 1564 at 1Helgaklds shiil111
PP 22122 11 1L WO 01/ 31264 Thi s Sheet Has Been Repl aced PCT/ USQO0/ 41599
1111111111111 | Hicleseq end partion ofsaid headar spaced firthest fiopnsaidetet P PReY endso?h and/ or
del i vering cool angid @ofaflodPEhes, i MbSiREdniGwiri \Bld BRI {ibQW tubes; and a

cl osed end portion opposite said inlet end portion, said closed end

portion bt ng traksvAkee qopler arsotdingdto telrith rid| whireie thei ampunbofabeyelt dfsaidnner
coolant 5 f , td Aay bevel ed
froman end %ﬁg{ﬁ%u%g?sp%n ?’({:tu ogr g%g?r%g&?%ln%oﬁﬁ |%ng Ilt(g%%/clp%eﬁglg e inner
cool ant f | owsaiddngk 0 g less¢tmn@0F.at a part of said closed end portion spaced
furthest fromth ef ,of en ends of. the_inner coolant flow tuhes, in the
direction towar dgl(’ts'h% kle?%r?g@gr %CS%Blélﬁtm lf“(‘i'?/\ﬁ% &‘E@rg{nsf%'ﬁ%“gﬂjaﬁg%?&a&??lg‘é’cor di ng
to claim 2l wharteveeaansl sidedsights ofd Ypinchdsandi widihs Beve@inthe e3pectitd sidext endi ng
from and gfr&?]digul ar to said upper surface of said header, and said

bevel ed pott?'dA™M58%ng bevel ed from said wall towards the cool ant flow

tubgs.b 23|. dAheadﬂr. KREPESleR Secbirp!t@ LR Po WHAER bid hlpfe @RBYNT of Dbevel of
sal evel e

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 © from said wall, said angle 6
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 isno 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:
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wall is at an exterior angle O neasured fromsaid end plane to said bevel ed
wal |, 15 {% ader according to claim23 wherein salq, ﬁ g S 520.

25. A heade accordl ﬁQISStmediachmxametErel n sai d header has a fat upper
surface perpendlcular Ian and said closed end portion

i ncl udes an end wal | sald flat upper surface and being in
said end plane, and sal eve ed ma extending fromsaid vertical wall at -
an exterior angle 0 fromsaid end mall said angle 0 20 being betmeen 0
and 900. 26. A header acc d|n £ has a

| ength greater than t e sal d|ng to.
cl ai m 25 wherein bﬁijeoﬂmeghbrmblasalaivmbestmdal vvaII i's no greater than 1.125

i nches. 25 28. A heat ex r for cool.ing.ot  heatin
fluid, said heat exchif %ﬁ?‘ %@n&ﬂ’ﬁ‘%ﬂ ARposite %ﬁ(ﬁﬂ%m"y 1S ’°6ar°'a§ |°‘°Féda%ﬁ;
transfer fluid fl garibrbéisg trarisversy toyuhagoﬂgeamnaltdﬁmmﬁeowérﬂ whedinbetawelant a heat

source and a heat sin i | ow, t ubes .i ncl u s and exterior
si de tubes? said ﬂﬂﬁé}lﬁ’ef tg?/vcd'f’i?ge?d PRTHORJEng ¢ e%% %@Rgevﬁfiggr st A fnd”
proximty to eachpRhdgdrs enalaﬁiazaxohﬁamﬁgndaam digechorcdfahbnerasodiabtcfiavgtubennect ed
to said set ofoenensllllll 1VII 11121 1 JLI * ¢ n

01/ 31264 Thi s Shead gt &rpar |S 4928‘296f1““}|5‘|fﬂ’1l?fﬁ°¥\1%\| -

of said inner flowfg&l%%of&ﬁhdnéﬁ%daﬁt HIGW inib@s, AR thedifeti GNWARS tthe néor
receiving said set of open ends of said flow tubes and an outer closed end
portion opposite cedangifloWabes- end portion, and a roof section; said inner

end portiqgg, said ?uk%a(ﬁpﬁcorﬁ%ttb eRindPrwhgkid s&@@fosﬁ%ﬁ g@fﬁoﬁl ﬁfciuﬂém part of
sai d chanber, said outer closed end 5 portion having evel ed portion

bevel ed at amnd n@lépxtmdlrmfgmeanﬂme@en@@é@'é@ saidunpsy %lrfa?edtiﬁalé bl Adoeld ess
than 900. 29. 4@1@ | tharGd Bk BRobidt WAREBES Sai d roof
section is gg(ra% fmﬁ;bﬁln?g&g{gflgﬁg%%gr@lltosgd end portion has an end wal |
general |y per pendlZEuAelncadenaccgama to daifn evhdramthe amaus of bevsbafspidddeysdadt i on i s
bevel ed fron1s i.d_end wal | n of r than 0 and
| ess than 90.V33¢° mﬂ?ﬁ%ﬁ?”%%%%%ﬁﬁ%ﬁﬁég%%} Kh*gfaﬂgk§m8%§8 mﬁ%@eln t he heat
source is 18 heat zgeﬂheaatbnacg)rdmgrpmkath%ﬁhewatsardanels@es52°t he heat sink is

the anbient water 25 aR%ea?d%{' gccgr%%tg 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  from said end wall, said angle @
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 is 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 ﬂbw 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
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exchanger is a keel cooler, and wherein said heat transfer fluid flow tubes

are gener@bloy, k ctangular in cross section. 15 31. A k accordi ng
to claim30 V\lzllezrﬁl nTIMhethmﬂeerﬁ@pme@n i's general l.y - fIa&%&g’%ﬁ@Jlgﬁf%sed end

portion has an end er peP%i_l cul ar to said roof section, and
.sal d bevel ed portlo m saltd end wall at an exterior angl e a

eta), angle a being greater an 0 and less than 90. 32. A keel cooler
accordi ng to cI ai m 31 wherei n said flow tubes have external 20 side height

of 2 V2 inches a external ,side %2 inch, 33. A keel .cooler
‘according to clai %53’5 ﬁ-ﬂ g%fr &a'%ﬁ%ﬁq%rhké?‘q% agém%ffnd ROTE8R F°rch‘E?FVé?g

aﬁcor dlh nght 0 ﬁl ai s?ﬁstkt ?jﬂ‘dpﬁgbﬂdsﬁﬂsaﬁ ﬂewaibedarﬂk | chtolu?ﬁclb&ﬂ edd gbﬁa@bﬂspogl:teeat er

t han t he elgto end wa eel caool er accarding to cl aim28
wherein said roof? @Hﬁf&ﬂd Pgrt‘@%r?éiiélr? secsign;spaidyinner end porfign, Spif QU Rty

portion has an eryﬁbnmidndtsmam@dfeéoﬁenaai /Ednroegaﬁd&ﬁﬁﬂobpamdaurt&a@&aiendoevel ed
portion ex&ends fromsaid end wal l keel .cool er accordi n(% to claim 30

“wherein sa?d i nnefoTHINRRVIng 3 Veé?deporb@rﬁf’%{?q?aéﬂ‘}tﬁ?‘ﬁﬁ?gl?? With ge59eh 133 have a
second set of opeRofREtfondfldRs Xk oty to each other at the other end of
said inner flow tubes, and wherein heat exchanger further conprises: 30 a
second header at 4+he Abtrexshaneer acsprdingi tardaimy £8) Wherein said gapfisestier it
header havin r@mﬁb‘@lﬁp‘é‘id%ﬂﬂ 861l Iné OGS bt QaSal S of
said 111011 SR e 01 S15ma i Bt ! G52 %@p AR LSy LTI
LLLTEEELLL | paid ppf pection, |and§agdbmbd ppitiow is beyelsd from idwnddwall #avientgriem i nner
end portigp Le o open ends of said inner flow tubes
and an outer%q {e}/ @dg%ggﬁa?)n opposite said inner end portion, and
a roof section; sm dAlhqateqxcmeermmrdlomo danw%whminelmjheapmcteda adwet sai d
roof section %{?H'g%gt??ﬁéﬁ 09 a&gvgsféit}ggg snp & close ﬂ 5 portion

havi ng a bevE ed a IO

‘an_ I Nt err or angf’ S %o said
roof secti onexshargesis aﬂdaeircoeler;, anchwhertin saitl diedt erankfer fhﬁtﬁﬂ&altwbes ae(yaﬁbrdﬂl_?,ader
havi ng an i nl %{aggugndu't for. conducting hot heat transfer fluid fromthe
heat source T "blch‘cf‘?ée‘fji'gﬁder and the other of said header and said

secon ]9 he ?f] er . haviin gAa:Belwdb]leﬁiccsﬁﬂ@ub tclafr® B0 wlq@rﬁﬁlcﬁamh@bf RPGOR |g€1(§jbr£18'at
transfer u to e heat source. 37. A keel cooler according to
Cl ai'm 36 whelh HALPAE P RO ah £ WHlLgrh RGP IO £l e SEF B | o

conduit is apndodatd Eéve]é@%é}ti%n is beveled from said end wall at an exterior angle @ (theta),
angle 6 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 % 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

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

e



38. A heat exchanger according to claim 28 wherein said heat transfer flow
t ubes arewgenerally rectangular in cross section and have external side
hei ght's of V2 %8204, c s shddbHamdeRepReenal si de widths of 1FPSTURUALY? 39. A

mul ti pl e pass heat ex ing: two exterior side tubes having
orifices near the opp ai d-18xterior side tubes for conducting

heat transfer fluid i said exterior side tubes; 20 at |east
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 animgedemmbespridheaderhariaesinpenene Boriemnioperdving sgiyset Pfst

header having meagse&fis 52GR iR Aokt andutes BlEARnd RAR DGR BFositd anst er
fluid, each 25 header having: an inner end portion; a roof section; a

closed outer end pesid inger endronsionand i rofi seetion; eaidiinperend aprtion gpid outer gack g
outer end po”'O“WQ%FE%@SJHE%@Hs‘é&g,ﬂaéﬁxhﬁgbm&iséh&ﬁﬂehs §sieCdlostPend30 sai d

roof section down y toward said inner end portion, the ends of said
exterior side tubegortion havieg pkaveled portiprebayrladBleandnigriorangly withrespechfgsaid j | | | |
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PCT/ US00/ 41599 111%%%TTE§Q%¥%%¥%%% Il I - 20 second headers, said orifices
opening into the chanbeors ofaail keadag and tsaid iseqond ihgasler havingestt wleti congluitdos ai d

cl osed outer end portion ,of,0 Q ai,qd he A ' '

header into multi pFP%H Fg?apgaé’éfeﬁﬁ‘lnﬁg%é)ﬁ %‘rg%éa?aéeugﬁeﬁgt\eé S%rﬁé’égiﬁ%d%ﬂgaﬁe

m xi ng of heat tr adef@berfdfisaid hendes andl sai® senohd ihpdder bivinghber eutletiQondpitrforl t i pl e

pass heat exchange accordin cl ai 9 erein.said neans for receiving
heat ed heatl)ét r ansf E?ndf‘ftlﬂg(‘f°ﬁc’l§&ﬁﬁtﬁ?é{pﬁﬁmgwanﬁm%l}%sgwﬁ%anbers, and further
i ncl udes means in anotahkdel edoléiaccbrding to dMim Ihahdrein Saidfinlstadoddii is wh illeader
for discharging .to the heat source cgecgl ed heat transfer fluid. 10 41. A

mul tiple pass PREATad\iA SRR POt &5 agioHlet 8748 ai m 39 and further incl uding
means in said secong K@ssekchhsier Sicodingi@tinigh 280whefen Bidlieatitmsfecfionmbexd heat

transfer flul C:jlre generally rectangular in cross section and have external side heights of 2 %2 inches
15 and external side widths of ¥ 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;

aroof 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
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42. A nultiple pass heat exchanger conprising: at |east tw sets of

paral l el heat transfer fluid flowtubes extending in a |ongitudinal

di rect i onWPMBBEhduahisREechigaBedmapster fluid in opposit eaiiusewstisens, 15
each set of flow tubedjl n exterior side tube having orifices for
.conducting heat transBlﬂﬂﬂlﬂEl‘]'ﬂMﬂo an@0eut of said exterior side tube; an
I nterior side tube ha site ends for conducting heat transfer
fluid into or out of said interior side tube, said interior side 20 tubes

bei ng adj acent to each other; and first and second opposi ng headers havi ng
‘chanbers, each header schend hegdersasaid onifexes epeding dutd therchamisers: @asf section; 25 a

cl osed outer end portion op i said jnner en rtio sai d_cl.osed
outer end portion having a %‘(é)‘(cﬁaﬁg%r Sf)c(\)e?tﬂ’eo %er’swg?éﬁg\ﬁjof#(?ué?ﬁg POt saj d
roof section downwar dl §f dnewdisaid heudets to dinide ssiddirgd heddeoiato miil€ple RbBankets, sai d
exterior side tubes forr:ra'.n~_ .paL gf t he .chanbers o%}hsai d %i rst. .and, second
headers; and 30 at |ea¥t‘ BHE rssééeaﬁ” G BPVeRing e guxing ehheahirapsten fludiin said ;- o
tubes in at | east one mbltipkicHaiesaders for dividing sai d header(s)
1111111211211 i |4 11112111 | I#I WO 01/ 31264 PCT{ USQ0/ 41599 . -21 into

mul tipl e chanmbers¥%n URIBPASE AL PfFhange 26081 0 Glapa 39 wheremsaid gpeans for ¢

bet ween sai d reveivirigiiieated rat@mster 43id i iNéhé ioP lsfid iR@tipl@ $RARRGE 'an€ Fa¥iHet Si NQ:
exterior side %f%bes havi n oriéi ces ﬁear t he opposite ends of said exterior
5 si de tubes MO BRAER ﬁ??@heﬁe gaiq multiple chambegs of saidifsthserep fir disphasgipgy
exterior sidgo thtHbs Sourée dodled héxk tradfepagiat | Nterior side tubes having
orifices near the respective ends facing in opposite directions away from

each ot herl® for c6hdbcrpliple pessheat exchanges pceprdingdo ichim 38 and firthesfingluding

interior si dend:biRsaid Rondhehiidr $ir AR SRE Q) PO @ﬁ% ang&%ﬁ\:'
chanbers, said fi rgetu hegqler rrlavri ng néa%s o%gréég%?\g/?&ng g{'f?e %‘g?'
transfer fluid, e&&hAmudiinde passhbaheychanger 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)
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an inner end portion; a roof section; a closed outer end portion opposing

sai d inner &mgeportlon, said 15 closed outer end portion having a bevel ed

portion bevi Mt th respect to said roof section downwXRFEUSIU4L§r d sai d

i nner end portion, the ends of said exterior side. tubes form ng part of
the chambers of said first and second h&kders, said orifices opening into
the chanbers; and said interior side tubes extending to said closed outer
end portion of said headers 20 to divide said headers into nmultiple

chanmbers, said interior side tubes preventing the mxing of heat transfer
flui d between the chanbers, ineirenltiple thambgrs apd greyraipeniba tmaiingewith heptansf er

fluid entering one of said QIR RRfed &idmiRRRThiMberdi SChar gi ng heat
transfer fluid entering another of said chanmbers. Iilly 1OQu 11111 Il |1
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exterior side tubes having orifices near the opposite ends of said exterior

S 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 respective
ends facing in opposite directions away from each other, for conducting heat
transfer fluid into or out of said interior side tube; and

10 first and second opposing headers having chambers, said first header
having means for receiving heated heat transfer fluid, cach 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.
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