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of the Invention This invention relates to heat exchangers, and nore
particularly to heat 5 exchangers for cooling engines, generators, gear
. boxes and ot her heat generating sources in industrial apparatuses having
fluid cool ed heat sources, such as marine vessels. The invention nore
particularly relates to open heat exchangers (where heat }’lgr?pﬁﬂﬂler tubes are
exposed to the anbient cooling or heating fluid, rather than being in a
shell to shell container holding the cooling or heating fluid) used for
cooling heat 10 sources, where the heat exchangers are efficient, and thus
have | ower wei ght and vol une conpared to ot her heat exchangers known in the
art. Alternatively, the heafIMl YETHEAACER QNGER t he invention could be
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volume compared to other heat exchangers known in the art. Altematively, the heat

exchanger according to the invention could be used as héater, wherein relatively cool
fluid absorbs heat through the heat transfer tubes.
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15 Heat generating sources in industrial applications such as marine vessels are
often cooled by water, other fluids or water mixed with other fluids. For example, in
marine vessels used in fresh water and/or salt water, the cooling ﬂuid or coolant flows |
through the engine or other heat generating source where the coolant picks up heat,
and then flows to another part of the plumbing circuit. The heat must be transferred
20 from the coolant to the ambient surroundings, such as the body of water in which the
vessel is located. For small engines, such as outhoard motors for small boats, ambient
water pumped through the engine is a sufficient coolant. However, as the vessel
power demand gets larger, ambient water purhped through the engine may continue to
provide good | cooling of the engine, but also serves as a source of significant
25 contamination damage to the engine. If raw, ambient water were used to cool the
engine, the ambient water would carry debnis and, particularly if it is salt water,
corroéive chemicals to the engine. Therefore, there have been developed various
apparatuses for cooling engines and other heat sources. One apparatus for cooling the
engine of a vessel is channel steel, which 13 basically a large quantity of shaped steel
30 which is welded to the bottom ofthe hull of a vessel for conveying engine coolant and

transferring heat from the coolant to the ambient water. Channel steel has severe



~corrosive chemcals to the engine. Therefore, there have been devel oped

various apparatuses for cooling engines and other heat sources. One

- apparatus for cooling the engine of a vessel is channel steel, which is
-basically a large quantity of shaped steel 30 which is_ velded,t dﬁ t he bottom
of-the hull of a vessel for conveying engine cool ant and téahk erring heat

fromthe coolant to the anmbient water. Channel steel has severe 2- i i} |Fcu
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rect angﬁ'sararﬂa&%exﬁ% Q%&Mﬁlygﬁﬁmﬂ@ q’vlﬂﬁ?ﬁ composed of a pair of spaced headers

secured to the hull, and a plurality of heat conduction tubes, each of whose cross-

section is rectangular, which extend 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, 1.e. below the level where foam and bubbles
occur), either bengath tﬁe hull or on at least one of the lower sides of the hull. The
coolant then flows through the respective rectangular heat conduction tubes and goes
to the opposite header, from which the cooled coolant returns to the engine. The
25 headers and the heat conduction tubes are disposed in the ambient water, and heat
transferred from the coolant, fravels through the walls of the heat conduction tubes and
the headers, and into the ambient water. -The rectangular tubes connecting the two
headers are Spéced 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
30 are disposed in recesses on the bottom of the hull of a vessel, and sometimes are

mounted on the side of the vessel, but in all cases below the water line.



.to the opposite header, fromwhich the cooled coolant returns to the engine.
The 25 headers and the heat conduction tubes are disposed in the anbient

- water, and heat transferred fromthe coolant, travels through the walls of

.the heat conduction tubes and the headers, and into the anbient water. The
rectangul ar tubes connecting the two headers are spaclei Lf,airm close to
each other, to create a | arge heat flowlurface area, 1§ intai ning a
rel atively conpact size and shape. Frequently, these keel coolers 30 are
di sposed .in recesses on the bottomof the hull of a vessel, and sonetines
are nounted on the side of the vessel, but in all cases bel ow the water
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allow at | east one 180 change In e direction of flow, and the inlet and
out | et po§t sooteryisemhbiphi-pabs koeltdoeles auherentha deadersamsirheah camginctidretubes goi ng
heat exchangers with the rectangul ar heat, conduction tubes have enjqyed
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short com ngs i c r . t]fe pLesent invention. The rectangul ar
heat exchana‘ét:f@pBHS%WSb%g%a?‘%algghﬁ%vee eér'outward shape of a rectangul ar
paral | el epi ped hgvk®othiestdemhs ﬁiregdia?g rhe@p pRshdngerenddth Thesecthgader sehave
opposing end wal Il s which are perpendicular to the hull of the vessel and

paral | el t ocomshictiomtetens hayacenjayed awida-speead juse sinse Lher dpirodustier ovebiftyel at i ve
to the keel cooler as the 15 vessel wth the he xchanger travels through
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and the anbLeml Wal 85d act as a barrier to ambient water flow relative to the keel cooler as the
15 vessel with the heat exchanger travels through the wafer. 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 tublcs, which reduces or diminishes the amount of
20 heat which can be transferred between the coolant in the tubes and the ambient water.

The ability of a heat exchanger to efficiently transfer heat from a coolant
flowing through heat conduction tubes depends, in part, on the volume of coolant
which flows through the tubes and its distribution across the parallel sei(s) of tubes,
and on whether the coolant flow is turbulent or laminar. The volume flow of coolant

25 per tube therefore impacts heat transfer efficiency and pressure drop across the heat
exchanger. In the present heat exchanger with rectangular tubes, the ends or
é;;tensions of the outermost rectangular tubes form exterior walls of the respective
headers. Coolant flowing through the heat exchanger, has limited access to the
outermost tubes as determined from data obtained by the present inventors. At the

30 present time, the outermost tubes have a solid outer wall, and a paraile] inner wall. In

order for coolant to flow into the outermost rectangular tbes, orifices, most often



The ability of a heat exchanger to efficiently transfer heat from a cool ant
“flowing through heat conduction tubes depends, in part, on the vol une of
coolant which flows through the tubes and its distribution across the
paral l el set(s) of tubes, and on whether the coolant flowis turbulent or
“lam nar. The volunme flow of cool ant 25 per tube therefo | &s heat
transfer efficiency and pressure drop ac¥-0ss the heat 1 éjﬂﬁﬂﬁﬁﬁ . In the
present heat exchanger with rectangul ar tubes, the ends or extensions of the
out ernost rectangul ar tubes formexterior walls of the respective headers.
Cool ant flow ng through the heat exchanger, has limted access to the
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orifices i nko thel ou erm)ﬁ_'{‘aFl rect.angul ar tubes was found to be inefficient,
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towards the ends of the respective headers than is required for optimal
flow. |t hascteagulaf tubes way founsl torbeaneificknt, lvaysing irsnificiegt béat tonsfei oethsi ze and
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15 higher and further towards the ends of the respective headers than is required for '
optimal flow. It has been found by the inventors that enlarging the orifice size and
moving it closer to the natural flow pmh of the coolant flowing through the headers,
i.e. its optimal path of flow, coupled with the modification to the design of the header
as discussed below, further increased the flow to the outer tubes and made the ﬂow
20 through all of the tubes more uniform, reducing the pressure drop across the cooler
while increasing the heat transfer.
The current keel cooler with rectangular heat conduction tubes has an anode
and a drain plug or plugs located on the bottom portton of the respective headers,
which increases the overail height of the header and which may render these devices
25 subject to potential damage from debris in the water and underwater structures. In
order to reduce the likelihood of damage, shrouds have been provided to protect the
keel coolers against damage. In addition, the anode(s), and the drain plug(s), by
projecting into the ambient water, impede the relative flow of the ambient water as the
vessel moves therethrough which increases drag. As explained below, the location of
30 the anode(s) and drain plug(s) so as to minimize the increase height of the header and

the keel cooler, reduces the foregoing problems.
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l.e. its optimal path of flow, coupled with the nodification to the design
of the header as discussed below, further increased the flowto the outer
tubes and nade the flow 20 through all of the tubes nore uniform reducing
the pressure drop across the cooler while increasing the heat transfer. The
current keel cooler with rectangul ar heat conduction tubes has an anode and
a drain plug or plugs |ocated on the botgom portion of {thd FRedpbetive
headers, which increases the overall height of the header and whi ch may
render these devi ces 25 subject to potential damage fromdebris in the water
and underwater structures. In order to reduce the likelihood of damage,
shrouds have been provided to protect the keel coolers against damage
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I ncrease in heat trans I's due at least in part to the increase in
t ur bul ence itnbéshe flow of anbient water across the forvvard header and al ong

d bet th fl t ub f ts of k |
cool ers for vessdbee pgﬁw@gﬁgvmlﬁ%ﬁfé&? Keriaooleiotor REgels I ineTRARE el iy 5
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referred to in the art as the' footprint. e keel ers with the
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internal pressure drops are desirable. One of the reasons that the keel cooler described
15 above with the rectangulaf heat conduction tubes has become so popular, is because of
the small footprint it requires when compared with other keel coolers. However, keel
coolers according to the design of rectangular tubed keel coolers presently being used
have been found by the present inventors fo be .largcr than necessary both in terms of
size and the related internal préssure drop. By the incorporation of the various aspects
20 of the present invention described above (and in further detail below), keel coolers
having smaller footprints and lower internal pressure drops are possible. These are
major advantages of the present invention.
Some of the shortcomings of heat exchangers with rectangular heat conduction
tubes presently bemg used relate to the imbalance in the coolant flow among the
25 parallel tubes, in particular in keel coolers which lead to both excessive pressure drops
and inferior heat transfer which can be improved according to the present invention.
The unequal distribution of coolant flow through the heat coilducticm tubes in present
rectangular tube systems has led to inferior heat transfer in the systems. In order to
attend to this infeﬁor heat transfer, the designcrs of the present keel coolers on the
30 market have been compelled to enlarge or oversize the keel cooler which also may

increase the footprint, through additional tube surface area, to overcome the poor



15 above with the rectangul ar heat conduction tubes has becone so popul ar,
.1's because of the small footprint it requires when conpared wth other keel
cool ers. However, keel coolers according to the design of rectangul ar tubed
keel coolers presently being used have been found by the present inventors
to be larger than necessary both in terns of size and the related internal
"pressure drop. By the incorporation of the various as %tSTEOE@f t he present
i nvention descri bed above (and in furtRkér detail beloaf keel éolers

having smal |l er footprints and | ower internal pressure drops are possible.
These are mjor advantages of the present invention. Sone of the
shortcom ngs of heat exchangers with rectangul ar heat conduction tubes
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Excessi ve QR ng conpensates for poor heat transfer 10 efficiency and
excessi ve pressupe@ifipld phsst {(lisBallyetvd ass)aE Goblets sreasiitcidiel afopathe
footprint. Wien multiple pass (usually two pass) keel coolers are specified
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with the present invention, as desctibed below.

15 SUMMARY OF THE INVENTION

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.

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

20 exchanger for industrial applications which.is more efficient than heat exchangers

~ 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.

25 It is an additional object to produce a one-piece heat exchanger and headers
thereof which generally equalizes the flow of coolant through each of the tubes of the
keel cooler.

A further object is to provide an improved one-piece heat exchanger which
reduces the pressure drop of coolant flowing therethrough.

30 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



present state of the art, an even greater differential size is required when
conpared wth the present invention, as described bel ow. 15 SUMWARY OF THE
INVENTION 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 sane heat exchange capabihiny _ﬁﬂ@h er object of
the present invention is to provide an-i’mproved heat azﬁiéx Ser for

i ndustrial applications which is nore efficient than heat exchangers -
presently known and used. It is yet another object of the present invention
to provide an inproved one- piece heat exchanger for vessels which is nore
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25 It is an additio object to produce a one-pi ece beat exchanger and

headers t hignprofedroatint dlove distrityition) umdider the Hehteexchengeofand echaneed atabtnyh each
of the tubes of the keel cooler. A further object is to provide an inproved
one- pi ece hwaler BQwiisr§s thaligelaeolefeduces the pressure drop of cool ant flow ng
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rect angul Ar rekificedll SES -Fitf trir@ient’ one SicEB heftdexchangeng of chpipatablenhiat hransfer educed
In size fromthe current "heat exchangers due to inproved coolant flow
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across the keel caaler, Another object is to provide an inproved one-piece
heat exchang&f% ﬂ?‘?g‘“BeS'S reduced size from present one-piece heat
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of the heat transfer tubes,”the nunber of tubes and/or the size of the
tubes. A st édchafiger tiwingo bgotemigulaf shiyedpheaat eonductive nuben which bapreobanged a new
one- pi ece_ heat __exchangec[ tLav]i n% rect anaul ar shg&ed heat conduction tubes
whi ch hall eduabitigycompared to keel co lers presently on the market. -

A related object of the invention is to provide an improved heat exchanger and
headers thereof which is capable of deflecting debris more readily, and for presenting a
smaller target to debris in the ambient water.

Tt is another object to provide a keel cooler and header thereof which projects

15 into the water from the hull by a lesser amount than the corresponding one-piece keel
coolers and headers thereof.

Another object of the present invention is to provide an improved one-piece
keel cooler which is easier to install on vessels than corresponding keel coolers
presently on the market.

20 It is still another object of the invention to provide a one-piece heat exchanger
having a reduced pressure drop and a moare uniform distribution of coolant flowing
therethrough than heat exchangers presently on the market, for increasing the amount
of coolant flowing through the heat exchanger to improve its capacity to transfer heat.

Yet a further object of the present invention is to provide a one-piece heat

25 exchanger and' a header having a lower weight, and therefore lower cost, than
corresponding one-piece heat exchangers presently.‘ in use. |

Another object of the present invention is to provide a one-piece heat
exchanger and headers thereof having rectangular heat conduction tubes having a
lower pressure drop in coolant flowing through the heat exchanger than corresponding

30 heat exchangers presently known.

Another abject of the present invention is the provision of a one-piece heat



10 durability conpared to keel coolers presently on the market. A related
object of the invention is to provide an inproved heat exchanger and
headers thereof which is capable of deflecting debris nore readily, and for
.presenting a snaller target to debris in the anbient water. It is. another
object to provide a keel cooler and header thereof which pEGRe@iBt 15 into
the water fromthe hull by a | esser amoént than the correspondi ng one-pi ece
keel cool ers and headers thereof. Another object of the present invention
is to provide an inproved one-piece keel cooler which is easier to instal
on vessel s than correspondi ng keel coolers presently on the market. 20 It
is still anglheoeP#hics tvefel, LOE ub YL RLLOHT frRirevbeily dnstiRd ireqRecdaRht
exchanger having a reduced pressure drop and a nore uniformdistribution of
cool ant f | caichangetstvehich ib supasstibmoveealt hesy ohrsferaresfopnacennd proyide lhwehar ket |

for increasing the ampunt, of cool ant flow.ng thr.au he .heat exchanger to
i nprove i tsprépéﬂﬁc‘ﬁ'@g&@“@%ﬁ’%qréﬁmtﬁ@’é 1put\rggu1§gg B&‘Elﬁgﬁmé’ﬁ}@[‘g’o@ TR esent
i nvention i | - = DI e ¥ePRO98himand a header having a
| ower wei gh ,dlitg)r?gfﬁ%?%ﬂg}rgﬂﬁg\%gg%ggﬁ&dtaﬁﬁgﬁcorrespolﬁdi ng one-pi ece heat
exchangerss preseftid ¥ndtherusfect Af diehiaventioh ac pproviidd freimpresehheadenvfontioma- i s to
provi de a one-pi ece heat exchan?er and headers thereof having rectangul ar

heat conducpieesrheatgebangey havjng reclaggilar ¢nodax flow t4beSp i n cool ant f 1 owi ng

t hrough the heat,exchanger. t.k S | 3 t c sently
known. Anot her o‘%fé@?r 8?]0{;}“%?%?6@%%@ %\ggﬂip?%ﬁdi gei{%g fgira)c()dvi%glg%g&gfﬁgg{e ‘
one- pi ece hgahafhel vATErdBaABMr BXSIARNARY titet whivlesedubes fherdead apers vehiciet rof i t
for previously installed one-piece heat exchangers which will surpass the

overal | heahaveharesffore neduded thelrabiransior sapabilities ob woe-piese beat grehangapdhe han t he
. e —_— it one o G et Bl
e T ol e redu g torfhutiar ambi2nf wafte ARnd g Heptset 1hé podlemy ¢ or ®

obj ect of tfig.d nvention to provide an inproved header for a one-

A further object of the invention is to provide an improved header for a one-
piece keel cooler with rectangular coolant flow tubes, by reducing the likelihood of
damage to the header from striking debris and underwater objects which could damage

15 the keel cooler.

It is still another object for the provision of a header for effecting increased
turbulent flow of the ambient water flowing between and around the heat transfer
tubes.

It is an additional object to provide an improved header for one-piece keel

20 coolers which enables the anode for such keel coolers to be less likely to strike debris
and underwater objects.

Another object is the provision of a keel cooler having a smaller, and more
streamlined profile to reduce drag as the vessel with the keel cooler moves through the
ambient water.

25 Another object is to provide a header for a one-piece heat exchanger which
provides for enhanced heat exchange between the coolant and the ambient cooling
medium such as water.

Yet a further object is to provide a header for a one-piece heat exchanger which
provides for more uniform flow of coolant through all tubes of the keel cooler, to

30 improve the heat transfer as compared to equivalent, current headers.

A general object of the present invention is to provide a one-piece heat



~ pi ece heat exchanger having rectangul ar cool ant fl ow tubes. Another object

Is to provide an i nproved header for a one-piece heat exchanger with
. rectangul ar cool ant flow tubes which reduces the dead spots which have
. heretofore reduced the heat transfer capabilities of one-piece heat
exchangers, the 10 dead spots reducing the flow of anmbiepts V@tﬁgmaround and
bet ween the coolant flow tubes. A furfhRer object of the i'nvention is to
provi de an inproved header for a one- piece keel cooler with rectangul ar
cool ant flow tubes, by reducing the |ikelihood of damage to the header from
striking debris and underwat er objects which could danmage 15 the keel
cool er. |t dxshdfiget Andirealide thepdyfevdticlf io reffidient pndwﬁf@mun inmanufhetagand usgy.
effecting increased turbulent flow of é& ent wat er &{ %{l ﬁween and
around the heat @thanaiests will|peeome apppign "-‘15‘"0‘?‘%{}0“651@ %?’3 Ye an
I mproved header, f.or .one-pi ece keel 20 cool ers which enabl es the anode for
such keel W—f"%‘ EEB M8e | ess likely to strike debris and underwater
obj ects. Anot herTigbji@&htis tbh@hdhowis i sppliefion isedirectabliera avipitge shestal | er,
and nore streamined profile to reduce drag as the vessel with the keel
cool er rm'avea(chdrrgnugrc thhat exgharigsrs havang two headarrowhish aspjiwtegral §’1t§1cﬁ°ﬁﬁ’8¥/| de a
header for a on ce heat cha rovi

tis W&H‘l"g@ P ﬁ% %negﬂpxc%an ergugcd S mﬁﬁﬂ@’o

exchange bW I'hg™ medi um suc a8 vvater
Yet a furt drS hﬁhﬁﬁ%ﬁt%u&xh%d,ﬁgo EdMed ke@NEolirs C eHbwater icahanger
whi ch proC‘lﬁEEfe gﬂe&h}m{rg unitformflow of coolant through all tubes of the
keel cool erexchangeBOatcmpding ao tthe ljrmnt invgntidre cam lsoobp ased fQIOC@d@EvBﬁaé nt,

current headers. A general object t sen entlon s 0 |de a
one- pi ece PM?YEEHBS%MC%"T BR%{%‘&F@'@ 0 Fﬂqglﬂg‘gﬁ {blﬂ'h@'}/ %d'éhaym ent
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oW an
description of the product discussed herein. The heat exchanger includes two headers,

and one or more coolant flow tubes integral with the beader.
BRIEE DESCRIPTION OF THE DRAWINGS
FIGURE 1 is a schematic view of a heat exchanger on a vessel in the water.
15 FIGURE 2 is a side view of an engine for a vessel having a one-piece keel
cooler according to the prior art installed on the vessel and connected to the engine;
FIGURE 3 is a pictorial view of a keel cooler according to the prior art;
FIGURE 4 is a partial pictorial view of a partially cut-away header and a portion
of the coolant flow tubes of a one-piece keel cooler according to the prior art;
20 FIGURE $ is a cross-sectional view of a portion of a keel cooler according to
the prior art, showing a header and part of the coolant flow tubes;
FIGURE 6 is a side, cross-sectional, partial view of a portion of one-piece keel
cooler according to the invention, showing a header and part of the coolant flow tubes;
FIGURE 7 is a pictorial view of a portion of a one-piece keel cooler according to
25 the invenlion, with portions cut away;
FIGURE 8 is a pictorial view of a header and part of the coolant flow tubes of a
one-piece keel cooler according to the invention;
FIGURE 9 is a side view of part of the apparatus shown in FIGURE 8&;
FIGURE 10 is a front view of the apparats shown in FIGURE §;
30 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



. appended clainms. The invention to which this application is directed is a

one-pi ece heat 5 exchanger, i.e. heat exchangers having two headers which

. are integral with coolant flow tubes. It is particularly applicable to heat
. exchangers used on mari ne vessels as discussed earlier, which in that

context are also called keel coolers. Hgwever, heat exchapgepgjsaccording to

the present invention can also be used tor cooling heat ~ génerating sources

(or heating cool or cold fluid) in other situations such as industrial 10

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

broader description of the product discussed herein. The heat exchanger

i ncl udes t showgdhe How lmaslobarebiont wasere cool ant flow tubes integral with the

header. BRI EF DESC=: OF. 11M, DRAWNGS FI ' : Lcovi f

neat _exchanger dRORRFL00ER Fisora) QATcrReelesop toopychs B REREHRBE, 0| °C °F

engine for a ve%ﬁgﬁﬁpu 1% oSS RABE Fickast!a p Qe 6F a Rest ebslengibsrantidily pri or
e v

art installed on essel and connected to the engine; FIGURE 3 is a
pictorial viemak @ tiearior aaphanhaaifivedonie flowtdfeoplantdetugen; theh@dred s a
partial pictorial view of a partially cut-awa hegﬂer aqd a portion of the
cool ant Bl mmumwsmooéanbﬂeww@e@%ﬂmf@émw&{%‘e WRGHS t he prior art; 20
FIGURE 5 is a cr - i Qnal .vi f..: ' cm,h,gyseagﬁtordi ng
to the prior aﬁm%ﬁé‘céosﬁ}e{sgﬁ}e“%ﬁa‘?ﬁvggﬁr%drg‘?hﬁae&gggﬁéﬁi fl ow tubes;
FI CURE 6 is&raﬁaﬁdrﬁ%fﬂfé&ﬁﬁ:e@zﬁritﬁélﬂbw o asalira Ibeweentiafheadgrand ithmowérmoste- pi ece
keel cooler according to the invention, showi,ng a header and part of the
cool ant f| awolanbidey tubl) EoREINE th gn aspsetcd themYendidBw of a portion of a

one- pi ece keel cording to 25 the_ i | ' |00 $heC Ut
away: Fl GURE 8 fﬁg&iﬁ{ff g‘%ﬁ‘rq Bjfto ?JeWP?%HH’e %gggeg#d& %ast cgpaoleﬁ@mcggol ant flow
tubes of;qa ;. On@-pi ece keel cooler according to the invention; FIGURE 9 is a

side view of part’ of the appar at us shown in FIGURE 8; FIGURE 10 is a front
view of the appafIGURE thinercut aws doref 8 portion pf tiekeaden shosvndn FAGURE 150t t om

v ew of (1e PRl S SBCELCHER, & & ARk oo 2
single pass portions, according to the invention; |
FIGURE 19 is a pictorial v1ew of a keel cooler according to the invention, having
15 a single pass portion and a double pass portion; and
FIGURE 20 is pictorial view of two double pass systemns according to the

invention;

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

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

3, a pipe 5 for mnveﬁng 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

25 discussed herein, they are generally only referred to herein as "keel coolers.") Heat

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
heat exchanger 3 and expelled into the cooler ambient water.

FIGURE 2 shows a heat exchanger 11 mounted on a vessel, for transferring

30 heat from the coolant flowing from an engine or other heat source 13 to the ambient

water. Coolant flows from one of lines 14 or 15 from engine 13 to keel cosler 11, and



-10 20041 showing the flow |lines of anmbient water; FIGURE 13 is a pictorial
view of a keel cooler according to the invention; FIGJRE 14 is a
cross-sectional view of a portion of a keel cooler substantially according
to the prior art, but the orifice for the flow of coolant between the header
and 5 the outernmost cool ant flow tube, 1F1 constructed accoidi 6k o the

I nvention; FIGURE 15 is a cross-sectional view of a portion of a keel

cool er, having several variations of the orifice(s) for the flow of cool ant
bet ween the header and the outernost coolant flow tube, according to an
aspect of the invention, FIGJURE 16 is a pictorial view of a two pass keel
cool er syst ebackdbrugh tige otbert few pie fromy &erliconler Fl GURIEing 13.s Kgelcepoleaddys vi ew
of a portion of_ the header itho i,n FI.GURE 16; FIGURE 18 is a pictorial
view of a mufttachedlos et spaced &%ﬂﬁg&}lqﬁé{gﬁs two single pass portions,

according to the knuentian17RcERagtS tlesprivr RtCkQhdwh it FRYURE 1 Kagludggol er
according to the 1nvention, having- 15 a single pass portion and a double

pass porti ona paindf k¢adeiRE 9201 atsoppisitecmidabf ¥ e wf phrallelpredanpiiler Iz somslystoens

according to the__invention; The fundanental K conponents of eal exchanger

system f or> atuhet &, hggingdntener asse ang OSYERRIOT | o ‘&Weﬁb% sé?f”éﬁ?

| ncludes a NEalISOM o8 chagifts REGhnSHEIARARN oF kefl RIoR? 19. TQE2AGME MRy e hot
{0 heat exc , or

cool ant fromnéat source anger and a pipe conveyi ng

cool ed cool agflinfiFiesD thalicdeoonnednas 29330, ant @ddplecllr, 32 at theHawls of sieuiazeled. coul d
be an engine, a generator or other heat source for the vessel. Heat
exchanger 3 Headeds b2, 21 dave pi geaerallp arispets epnginichen M) freigrndpiide &5 kase|

coolers o e ZRthiE RS SR bIEY P SELuRt i R RSP,
the water;ding jbdads P&IEYIENE is2BhARA WREERUIl bNEIess@NErgRWHidOBZERE hot
coolant is transterred through the wails of heat exchanger 3 and expelled
into the cooPPandiBiemindwalape gaskets 36, 37 each have one side against headers 19, 21
respectively, and the other side engages the hull of the vessel. Rubber washers 38, 39
are disposed on the inside of the hull when keel cooler 17 is installed on a vessel, and
metal washers 40, 41 sit on rubber washers 38, 39. Nuts 42, 43, which typically are
15 made from metal compatible with the nozzle, screw down on sets of threads 44, 45 on
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
Turning 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
20 composed of the sct of parallel heat conduction or coolant flow tubes 23 and the -
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. IMeader 19 has an upper wall or roof
25 47, outer back wall 34, and a bottom wall or floor 48. Header 19 includes a series of
fingers 52 which are inclined with respect to tubes 23, and define spaces to receive
ends 55 of interior tubes 25.
Referring also to FIGURE 5, which shows keel cooler 17 and header 19 in
cross section, header 19 [urther includes an inclined surface or wall 49 composed of
30 {ingers 52. End portions 55 of interior tubes 25 extend through surface 49. Interior

tubes 25 are brazed or welded to fingers 52 to form a continuous surface. A flange 56



- FIGURE 2 shows a heat exchanger 11 nounted on a vessel, for transferring 30
heat fromthe coolant flowing froman engi ne or other heat source 13 to the
anbient water. Coolant flows fromone of lines 14 or 15 fromengine 13 to
- keel cooler 11, and 294 back through the other flow pipe fromkeel cooler

| to engine 13. Keel cooler 11 is attarhed to, but spgdbﬁhﬂrdﬂﬁthe hul | of
vessel . A keel cooler 17 according to the prior are is showmn in FIGURE 3. It
includes a pair of headers 19, 21 at opposite ends of a set of parallel,
rectangul ar heat conductor 5 tubes 23, having interior tubes 25 and two

exterior tubes | scussed | o A paif. of nezzhkes. 27, 28.conduct .cool ant
Thto and outrgunis B MREE apter 2 updhebaitish noBgé pr Fenf afdif PRSI (P adec
connect or s ning Qup@it néAPb B n dperpeddrhlat ?);Ssiﬁﬂlﬁj%n(lﬁe hBR1enqDZ| Bgnge $#paders
19, 21 have a generally prismatic construction, and their ends 34, 35 are

per pendi cul engages a lemfpmembitglatepbdoe thei undetsidetof wiall ATpper and | ower surfaces
of tubes 23 10 are |l qcated. Keel cool | S _copnect,eq. to"t't;de hul | ,,of a

| er 17 n
vessel through vif bR disGussIoaboveand 1a folovs, be felms [WBREE > (igarTs, Woygwasy, ach
have one si agai HIQE i . i.fe
engages t e'%ﬁal ?éb&%%rhtg(?@ggésazle. %%’e]Fée&/g‘Es)cﬁ%r (Ssr\&%lgi&%&gw%‘%éeaﬁg?is%ggﬂagn t he
I nsi de of t}b&i‘[mﬂ ds shben ik EREURBA. €Thid % dose readiziig| that theseamviesshel as wheh  net al

washers 40, 41 sit on rubber washers 38, 39. Nuts 4£2 43, which ,téﬁi cally
are 15 radeused om Waemgoins Hesselrs1a8 Driraountetkor e side ofdbs X6Fsalo fR IGHIEERE of

t hreads 44, 4§?f%?°ﬁgﬁ%ﬂ{fﬁ§@‘§ﬁ1ﬁg12%‘m§gﬁ&%%fﬁ#ﬁ%t he gaskets and rubber

washer s agatlhﬁs I n place and seal the hull

penetrations fropadhealtericrusine Reallt of htddeRES4is cnmristd alf, ancexisdorsecbuen of the
current keel cooler according to the prior art and depicted in FIGURE 3, is

shown. Keb| regangaar tube, ene glovhighnibindicaied hynaumeral ¢ff ipK |4-hdBe CB&hduct i on

or coolant flow tubes, 2 nd I, Qr ' : '

comnect ed t%‘bﬁ%%%'}de]fgj lgesa%gels% ?.ﬁ'od;g@@% _oa\?lv.d %gfzﬁdetg f%j%ﬁgggﬁllé%%ltége?}ﬁu and
connect or 281 hgsthisies 88 mtdtibr aglidBSeé slReh RITIGEURES an®b) A diculshidce 9 and
nut 42. N pple 31 of nozzle 27 is nornal I_k/ brazed or welded inside of a

connect or 218 sheivorexésndingdthrougi intsriphaval g7 of the| euiside reptangylar gubaphkeel wal | or
roof 25 47, %o(?alll(%rglrg gtfafﬁlé p\{\éa_vlit!led%t ca?rnygngaco%%ntt ?IHW?Q thrlerghftllleoﬁtsiég tub'é'?rﬁg Gf 19

i ncl udes a
15 out of header 19. In this regard, nozzle 27 can either be an inlet conduit for receiving

hot coolant from the engine whose flow is indicated by the arrow A in FIGURE 5, but
also could be an outlet conduit for receiving cooled coolant from header 19 for
circulation back to the heat source. It is important to note that in the prior art, the
location and size of orifice 69 limits the amount of flow which can pass through
20 orifice 69. More particularly, the orifice has heretofore been mounted too high, is too
small, and too far away from the natural flow path of the coolant, resulting in reduced
flow through the outer rectangular tubes, non-uniform coolant fiow through tubes 23,
and a disadvantageously high pressure drop as the coolant flows through the onfices,
and at higher rates through the less restricted inner tubes - even though the outermost
25 tubes have the greatest ability to transfer heat.

FIGURE 4 also shows that keel cooler header 19 has a drainage orifice 71 for
receiving a comespondingly threaded and removable plug. The contents of keel
cooler 17 can be removed through orifice 71.

Qrifice 57 is separated by a fairly large distance from the location of orifice 69,

30 resulting in a reduced amount of flow through each orifice 69, the reduction in {low

being largely due to the absence of the orifice in the natural flow path of the coolant.



- fingers 52 which are inclined with respect to tubes 23, and define spaces to
receive ends 55 of interior tubes 25. Referring also to FIGURE 5, which
shows keel cooler 17 and header 19 in cross section, header 19 further
-includes an inclined surface or wall 49 conposed of 30 fingers 52. End
portions 55 of interior tubes 25 extendishrough surfack8BiB 30 i or tubes
25 are brazed or welded to fingers 52 to forma continuous surface. A flange
56 - | 2 - 1 0': 2004 surrounds an inside orifice 57 through which nozzle 27
extends and is provided for hel ping support nozzle 27 in a perpendicul ar

position on e header 19. Flange .56 _engages a reinforcengnt. plate 58 on
Phe. under ot ALRGHENGAIS Pratier s SR o 10k LS RS B SHY WESH BRBEnm el or s
"upper”, i @0eLasent GRVURARH Gvere able By al?&cc thel RiIEfohOcHRatdiRaEs Sk NRpger .

keel cool er or header as viewed in a hofizontal position as shown 1'n Fl GURE
5. Thi s is vhifedrtaalimpbnancehstprofeeyelouatingsandssidhg ds odbifer. Insadlliton, it er

goi ng vessel s, can be npunted on the side of the vessel, or inclined on the
fore or af tconfigurstionof thg header,in hothsigle pashand gudURls BAss SYRISENS Erther side

wal | of '?iﬂﬁ?glﬁgugffh%%ggd%ﬁqiSaSS%‘b% erior or outer 10 rectangul ar tube,

one of whi ndi cat y numer in FIGURE 4. The outer tubes extend
i nto header 19. $iiGAESink @ddle priohem Headdr 19 heendh RGURBSE3 t-uh)dt val be 61.

Both sides of interior wall 65 are shown in FIGURE 4 and 5. A circular
orifice 69 seeB bpowitxbaskdvalY IhravdgHoemedrareriomasd as7ight mgdesoutBrige

1 ow ng.t hr BILEREn SR tsd G Blbef G gREfbahde B Pes Ry uiEecERi BPUERE' ="
regard, nozéds%nﬂga]&ﬂ“wﬁﬂﬁﬁ?ﬁn Reel @Bolertl. Gtirsg Bydavingivodll 34 perp¥ndiGulan@ithe 0ol ant

fromthe engine whose flowis indicated by the arrow A in FI GURE 5, but
al so coull diesctinn ofiflowt ofctha ¢oelentt through dke Wberg Stratsr presawe Henps ocp@nmsidader 19

the prior cPt PARoTS pncih revd e ange gty byl B Ao’ BB Al o "

flow whi ch GRar @RS M%ngthrfﬁng i@ &Pendis 6n Péistdres!! ahisysouphd with f i ce
has heretofore been nounted t00 high, is too small, and too far away from

t he nat ur al thelpoor loaativrofadisine of oolfian 69 leadsigl a net geduptionciny fragand theswof kgabugh t he
outer rect atrr]gl%%e%rredtﬁ%)nﬁ The Coolant %Lgéh%u%gr0$€£t60fclf%vélcltc%ré elfqla. WRﬁ’\ %eslzagdt to
15 the outside of wall 34, the vertical wall acts as an obstruction to the flow of ambient
water, and diminishes the amount of ambient water which is able to flow between and
around tubes 23. In addition, vertical wall 34 serves as an obstruction to debris in the
ambient water and absorbs the full impact of the debris leading to potential damage to
the keel cooler. Moreover, having wall 34 and floor 48 defining a right angle
20 increases the amount of material used for keel cooler 17, which adds to its expense.
Most keel coolers are made from 90-10 copper-nickel (or some cther material having a
large amount of copper), which is a relatively expensive material. In addition,
significant drag is created by the resistance which the vertical wall presents to ambient
water, as well as the protruding anode(s) and drain plug(s) (discussed below) mounted
25 on floor 48. This restricts the flow of ambient water to the heat exchange tubes of the
keel cooler, increases the required depth of the keel cooler which may increase the
likelihood of it being hit by debris, as well as lowering the depth of the vessel and
increasing the probability of damage by underlying structures, and adds to the drag of
the vessel as it moves through the water.
30 Still referring to FIGURES 3 - 5, gaskets 36, 37 are provided for three essential

purposes: (1) they insulate the header to prevent galvanic corrosion, (2) they eliminate .



. and a di sadvant ageously high pressure drop as the coolant flows through the
orifices, and at higher rates through the less restricted inner tubes -

- even though the outernost 25 tubes have the greatest ability to transfer

- heat. FIGURE 4 al so shows that keel cooler header 19 €§E,gﬁd? {,nage orifice
71 for receiving a correspondingly thrgpded and reno Faop @3. The
contents of keel cooler 17 can be renoved through orifice 71. Oifice 57 is
separated by a fairly large distance fromthe |ocation of orifice 69, 30
resulting in a reduced amount of flow through each orifice 69, the reduction

in flow being |largely due to the absence of orifice in the natural flow
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| ocation and size of orifice 69 leads to a net reduction in flow and thus of

heat t riahs$aarahests ireqrovided toprkevent theHlovaghansbiertr watesiato the vessekshollddbol er 17.

Wth respect to 15 the outside of |1 34, the vertical wall .act.s as an
obst r ot orkechordler b ety darpror Tomaay. SR dribisn ov ond BlreEe of

ambi ent wat ﬁaw\oﬁgfm\%g f?sagétﬁnti&ofmewsparamegeﬁmﬁpﬁlmuﬂ&l.t ubes 23. In

addition, vertic 4 serves as an obstruction to debris in the
anbi ent wat er anRlefatringy et tdBigurds|6 1 hhale inyEntidneindbd predferrasbetnbadimentpst ent i al
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15 transfer fluid flow tubes, since in some instances the fluid may be heated instead of
cooled) 202 having a generally rectangular cross section. A header 204 is an integral
part of keel cooler 200. Tubes 202 include interior or inner coolant flow tubes 206 and
outermost or exterior tubes 208. A nozzle 27 having nipple 31 and threaded connector
29, are the same as those described earlier and are attached to the header. Header 204
20 includes an upper wall or roof 210, a beveled closed end portion 212 having an end
wall 214 transverse to (and preferably perpendicular to) upper wall 210 and a beveled,
bottormn wall 216 beginning at end wall 214 and terminating at a generally flat lower
wall 217. Beveled Wall 216 should be greater in length (from end wall 214 to lower
wall 217) than the height of end wall 214. An interior wall 218 (FIGURES 6-7) of
25 exterior or outermost rectangular flow tube 208 has an orifice 220 (one per header for
each tube 208) which is provided as a coolant flow port for coolant flowing between
the chamber of header 204 and outer flow tubes 208 (The chamber is defined by upper
wall 210, an inclined surface or inner end or inlet end portion 229, beveled botlom
wall 216, Tower wall 217 and end wall 214). Hecader 204 also has an anode assembly

30 222 (shown in FIGURE 6) for reducing corrosion of the keel cooler.
Anode assembly 222 includes a steel anode plug(s) 223 which is connected to



| . 20 increases the ambunt of material used for keel cooler 17, which adds to

Its expense. Most keel coolers are nade from 90-10 copper-nickel (or sone
other material having a |arge anount of copper), which is a relatively

- expensive material. In addition, significant drag is created by the

resi stance which the vertical wall presgnts to anbient 1 W“Eﬁ 2086 well as
the protrudi ng anode(s) and drain plug(s) (discussed bel ow™ nmounted 25 on
floor 48. This restricts the flow of ambient water to the heat exchange
tubes of the keel cooler, increases the required depth of the keel cooler
which may increase the |ikelihood of it being hit by debris, as well as

| oweri ng t hen awde nseft(s) B34 whipbds parh af hdader Ads ihgnadsangIEBABIEWES) 262, danage

by underlying struct s to the d f ., the v I |:1 . moves
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prevent gal vanic corrosion, (2) they elimnate -14 18 |: 2U04 infiltration

of anbi ent agtiert were omitted ess Elgurand apd) fanahe sekkendf chasse. Hoaveseeithd n t he

space between {he keel cooler bes, and,the vessel .by creating a di stance of
hokea pEingLadey-

separ at i on lopatanedAhs arods assemb cheed aycx hul |, all owi ng anbi ent
water to flow t agh: t h : t FIGORE37. Aebl F6H18F PobY indBdes f rom a
pol ymeri c substa?é‘g#@%ﬁltg;écﬁg?ggf cgl tua ig}ls, gaZketes 36, 37 a.rle beti/veen one
quarter i nclecangnlbhtubes 202w itk interureises 20kiaok outtembstdolseX081and imnénmalhl | ed on
a vessel as_expl ai ned above. The pl unbi n](?; fr,lom t he vessel {s aéﬂtqgcﬁed by
means of hodEs(With ANEes e2810fHhe outsHMeT (tRbeso ol BEepanyends o talets oy bnnect or
30. A cofferda C e : 304 iRlouets hown)
contai ns bot mtryﬁgﬁ%cgﬁﬁoin}gg@oﬁg&E%‘iz}%f%gquiyan .ﬁé%%?g“hogﬁgli%%gtly ing%%le t he
hul | . 10}emchhatdusacé 22PRGURES)on the epesite pareof headerd¥04aminm bevclwbval int o

t he vessel should the keel cooler be severely d n&ged@fr horﬂpavg?lﬁ,fMere
anmbi ent wat 2¥6. We¥tedouhes Ji8have ppighwalls B39, ipartiaf whieh are alsodhe e AR QL v essel
at the penetrati | ogal i.ofn.rsetaeryd X e (e B rﬁp - kditsg. iigvent i on
in the pref%eraggﬁagﬁbo‘gféfaé%{e %32’ E@ﬁ%ﬂg #ﬁefoéntg%a?grrg t |(§glat§ es a kéell cool er
200 with cog;ilsﬂjgedi)hmﬂmbes (or heat 15 transfer fluid flow tubes, since in

sonme instances the fluid nay be heated | nstead, OL )
An important part of the present invention is the beveled closed end portion

15 212. Beveled closed end portion 212, with beveled bottom wall 216, provides a
number of important advantages to the keel cooler. First, being beveled as shown, it
enhances the continuous flow of coolant either from heat conduction fubes 202 into
nozzle 27, where nozzle 27 is an outlet nozzle, or from nozzle 27 into tubes 202,
where nozzle 27 is an inlet nozzle. When nozzle 27 is an inlet, beveled wall 216 in

20 cooperation with the angled surface 229 acts to direct the flow of coolant into orifice
220 and openings 227, i.e. beveled wall 216 directs the natural flow of coolant from
the nozzle 27 to orifices 220 and tube openings 227. It can be seen that the beveled
end portion 212 either distributes the coolant more uniformly across inlets 227 to each
of tubes 202 (including orifices 220 in interior wall 218 of exterior tubes 208, or from

25 tubes 202 for discharge of coolant into nozzle 27 where nozzle 27 is an outlet nozzle).
The increased coolant flow in the outermost tubes results in improved coolant flow
distribution among all the tubes, which provides a lower pressure drop across the
entire system and greater heat transfer between the coolant, through tubes 202 and
through the walls of header 204, and the ambient water. For example, for a keel cooler

30 having eight rectangular tubes whose external dimensions are 2 % inches in height and

1, inch in width, and the keel cooler is mounted on a vessel with a 2 knot speed, the



cool ed) 202 having a generally rectangul ar cross section. A header 204 is an
i ntegral part of keel cooler 200. Tubes 202 include interior or inner

cool ant flow tubes 206 and outernost or exterior tubes 208. A nozzle 27
havi ng ni ppl e 31 and threaded connector 29, are the sane as those descri bed
earlier and are attached to the header._Header 204 20 IS LpRs208k upper wal
or roof 210, a beveled closed end portion 212 having an end wall 214
transverse to (and preferably perpendicular to) upper wall 210 and a

bevel ed, bottomwall 216 beginning at end wall 214 and term nating at a
generally flat lower wall 217. Beveled wall 216 should be greater in |length
(from end wattolataflew foodle outgs) ubest mereasedh byhabddi Hive ‘E)‘lcret?ﬁ W UBsEn  An

interior wall 218 (Fl GJRES 6-7 f ef Lor r flow
{Ube. 208 has P BPTEEIR st o CpaRRREIHEE W prt: oA GRAIngh ot ARBMRET
provided as g;£pQl MY nrhids BPfubed A1d El;?%h@ﬂfth&'tﬁ%s_}l% SRWERIFIGURES Barsher  of
header 204 and outer flow tubes 208 (The chanber i1s defined by upper., wall

210, an i ncl whist kadr pacdloy disineutioandinordditirine tthe hept geansfeggd Dyothe sEirgoed

bot t | 216, | o, 217 and end wal.l 214). der.204 :
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connected to _ an anode insert(s) 224 which is
part of headesns?@4f the camedestemuntrieasgd Sy rabwiis)7%2 4@ 2 partichlae viéesiie pye) the 46
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the 5 |ocat ano assernbly has c e€d ‘as explai ned bel ow.

Consi deri ng sRediffcicndich Yf ¢k pawesrt FrGiker Zookeeflowsodre moR efpdrientaddiosthe
rectangul ar tubes 202 with interior tubes 206 and outernost tubes 208, and
i nner wal | 248 ¢xupnttvydhe keet eoalomccerdingiie theyedi98t t ubes. The open ends or
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discussed herein, the angle, designated as 8 (theta), is appropriately measured from the
plane perpendicular to the longitudinal direction of coolant flow tubes 202 and located

15 at the part of the closed end portion of header 204 spaced furthest from the set of open
ends or ports 227 of tubes 206, i.e. from end wall 214, to beveled wall 216. Angle 6 1s
described as an exterior angle, since it is exterior to end wall 214 and beveled bottom
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

20 bottom wall 216. The factors for determining angle § are to maintain the center to
center distance of the nozzle spacing, to maintain the overall length of the keel cooler,
to provide vertical drop beneath the roof of the header so that the header can hold the
anode insert, to keep the anode assembly from extending longitudinally beyond wall
214, and to allow for the maximum length of heat transfer tubing (and the associated

25 reduction of the length of the header). Angle 0 could be affected by the size of orifice
220, but generally the other factors limit angle @ before the orifice would affect it.

Another important aspect to beveled wall 216 is the manner in which it directs

the flow of ambient water over and between the exterior walls of coolant flow tubes
202, 1o increase the heat transfer between the coolant inside the tubes and the outside

30 ambient water. 1t will be recalled that under the prior art as shown in FIGURES 3 - 5,

vertical wall 34 diverted the ambient water as the vessel passed therethrough, so that



10 inclined surface 229 (FIGURE 6) on the opposite part of header 204 from
bevel ed wall 216. Exterior tubes 208 have outer walls 230, part of which
are also the side walls of header 204. A gasket 232, simlar to and for the
sanme purpose as gasket 36, is disposed on roof 210. An inportant part of
the present invention is the bevel ed cloged end portiorj 316f 312ib4Bevel ed

cl osed end portion 212, with beveled bottomwall 216, provides a nunber of
i nportant advantages to the keel cooler. First, being beveled as shown, it
enhances the continuous flow of cool ant either from heat conduction tubes
202 into nozzle 27, where nozzle 27 is an outlet nozzle, or frqQqm nozzle 27
into tubes 2t ambignsmeiasde 2 s@ndiraniexignt wgnicirowpsbrther thap t"‘I’ﬁ’i?i‘F‘g O¥¥ 8 an
inlet, beveled | J ZL,16 Ln .20 %2operati on with the angled surface 229 acts
to direct thSPPIEH EFARPUFIRSAt 0 orifice 220 and openings 227, i.e.

bevel ed wal | 216 gi fsegdsirabldendiabUindleadd i adpte asdl @ndeell toster e mezzihan27 to
orifices 220 and tube openings 227. It can be seen that the bhevel ed _end

portion 212 micessary, @ stake hiukessslikalp tacsitiker debrivoindhe matesy andylesiclikply 19 prikes 227

to each of tupes 202 .(i.ncl ydin rifi 220 in. interi.or I
exterior tlub X CE'%@FF 5 Jg‘lftf’ 8%?&}'@&3@%@%0&%&%%&%Elﬁegéélgqm.\é\ggl' tanélgela%ino
nozzle 27 whgf Qe né%%.ﬁrgﬁyZZzzi $ BRAAHBIL ShoRed of) bevelbaewhN CY 8RS e5k GRkAR f | ow

in the outernost tubes results in ihproved coolant flow distribution anong
al | the tubeBIGURESH qmddi eesiedat 2R of mods susemblyr 313 iacttededith bevaled walk
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keel cool er havi.Rg :.8i r : £ Mals GHcrRLS @ps are
2 t/; inches§‘?4r'1 %’gllbg%t]ﬂgﬁ?%!%ﬁnﬁgg%hﬁ%ﬁlﬁﬁﬁnﬁgétﬁﬁﬁ%eel cSooIcer i s nmounted
on a vessgl Wépth ofiarodensiersiipactording to fiE-prior art-u2ddAviddo heode dsboubly @22 he

outer tubes increased by about 35% over the flow under correspondi ng heat
exchange con#puliddige axtendpdipum v a2 7heat exchanger of the sane size

i e. the numbers of .tubes and t - ' ES 3 -
5. “uni oh had poof SrioWRTeR Py dh TIEURERIN ARES), Ty R A0 K B by

the exteri or ,Rfdraiedoda0dr @RB&L1AYWAD Y OuLhivdid plugal4despraniikigs kiebdis i tuasf er
under corresponding conditions using the prior_art keel cooler shown in
. FIGURES 3 - ®ateThe hittinglbotierat More importantly, the drain plug and anode located on the
15 beveled surface have less interference with the amhient water flow pattern (FIGURE
12, arrows B). Drain plug 244 extends into a drain plug insert which is part of the
header. Under the prior art, drain plug 244 would otherwise have extended from lower
wall 217.
Referring to FIGURE 12, which shows a side view of keel cooler 200, arrows
20 B show the flow pattern of ambient water across keel cooler 200 as the keel cooler
moves to the right through the ambient water. Arrows B show that the water impinges
on beveled wall 216, flows around the beveled wall, and, due to the drop in pressure,
along inclined surface 229 and up and between coolant flow tubes 202. This flow is
turbulent which greatly increases the transfer of heat from the heat conduction tubes as
25 compared to the prior art shown in FIGURES 3 - 3, yielding a more efficient and
effective heat exchanger than those of the prior art. Additionally, having drain plug
244 and anode bar 228 on beveled wall 216 causes less interference with the ambient
water flow pattern shown by arrows B. They contribute to the improved heat transfer
efficiency.

30 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



~_transfer of the entire systemincreased by about 17%in a particular

I nstance over the corresponding unit of FIGURES 3 - 5. As expl ai ned bel ow,
the i nmprovenent over the prior art is expected to be even greater for two

- pass systens. Al so, as discussed later, 10 the deficiencies of the prior art
for higher coolant flows, are not experiﬁnced to the shierelt by the
keel cool er according to the invention he angl e of beveled wall 216 is an
i nportant part of the present invention. As discussed herein, the angle,
designated as O (theta), is appropriately nmeasured fromthe plane

perpendi cular to the |longitudinal direction of coolant flow tubes 202 and
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t he or|f|ceEitggﬁpr!isz?Df()lfea)g(]’;'ol Anot her inportant aspect to beveled wall 216

is the npmner i nAshheftioned dbds\efgt}m gieof bnﬁceon(hrsbm'eunpommpm\oértheaw bet ween

the exterior walls of cool ant fl ow tubes |nc t transfer
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15 about 1/8 of an inch between orifice 220 and walls adjacent its lower edge (the interior

of the lower parts of wall 216, wall 217 and surface 229, as shown in FIGURE 6) be

provided for manufacturing tolerance as it is fabricated, which is advantageously done
by drilling or cutting orifice 220 into wall 218. It is important that the coolant flow
into exterior tubes 208 be near the bottom of walls 218, rather than closer to their top.
20 The distance between the top of orifice 220 and roof 210 is not as crucial. The proper
size and placcment of orifice 220 thus reduces the pressure drop of the coolant in the
entire system of keel cooler 200, balances the flow among the multiple tubes, and thus
increases the heat transfer through the outer tubes and therefore the entire unit. .
While the embodiment under discussion is a beveled keel cooler, the size and
25 location of the orifice to the outermost tubes in a one-piece keel cooler according the
prior art as shown in FIGURES 3 - 5 is significantly improved according to the present
invention. FIGURE 14 shows a keel cooler header and an outernmost coolant flow tube
much as was shown in FIGURE 5 (and comesponding parts have corresponding
numbers), except that orifice 69 has been replaced by orifice 221. Orifice 221 has
30 been moved closer to the openings of the inner coolant flow tubes, has been moved

lower, and its size has been increased significantly, so that it is as large as possible



necessary, to nmake it less likely to strike debris in the water, and |ess
likely to strike 5 underwater objects or the ground beneath the vessel,
. i.e. the bottom For this reason, anode assenbly 222 is preferably nounted

- on beveled wall 216. As shown in FIGURES 6 and 11, anode, bar %éﬁ,of anode

assembly 222 is attached to bevel ed waljg.216, by anode is&rfehd 4242 which

extend t hrough | ockwashers. 246 and into anode insert 224. Anode insert 224
extends fromwall 216 into header 204. This decreases the 10 depth of anode
assenbly according to the prior art, under which anode assenbly 222 would

h t ended. f | wal|l 217. h t clearly in FI GURES 10 and
Y b SV iainsaaes paTBet on SRR TR Sed et oL D e e SBE ore an
lug 244 f i ki i s . it
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i mportantly, rarn ug an cated on the 15 bevel ed surface have
| ess i nt er f@rgoeedvinit foftiveziarii)ems wetlained iothepattaing FurdpRgh, the nsarf ons B) .

Drain plug 244 extends into a drain plug insert ich is t of the
header. Undeifiger Igiefleges 4he pregyuss Arop) Qfg}g?&w% et e g'rOWaR’)i,-m@E%nded
fromlo | | 7 | 12, ' ' [ of
keel co\gf%raﬂm%&ﬁ ghr]er%ov?hﬁ%ft %R"Bﬂ%ﬁ%\%h ]F%géﬁg‘g\# ﬁgm@ﬁfe@@ ﬁﬁg?{gﬁlt g(\?/\.g%fe(rgwacross
keel cool ergReiheasedchendegpl cool er noves to the right through the anbient

water. Arrows B show that the water inpinges on beveled wall 216, flows
around the bevel &8 apmscticalangterdtibas bygen i 2 Gircplag eafigchaving 4 €1 i ned
surface 229 and up_and .be n.. | fl. ! - Thi L&,

t ur bul ent \Affﬁal&?ge gt eiw&;évgz%%étg&r?gnn@e £ bgﬁés@g?se%?ﬁ%%@ t@? g‘%{c{eﬁﬁf oneat
conduct i on {hukesiraiScodfant ABRARRAIE Quicho tile while ehbislivg the propeGaRhmit 8f - 5,
yielding a nore efficient and effective heat exchanger thgn thor?e of the

prior artQ Aewiinicothel inger whes Ay WeHai Mopt thin onesoriie (HIGEsHAF PIPAIER 2evel ed

wal | 216 cayses | | ferenc ' ' - n shown
by arrows B O'Wiﬁém ?%u"?%erf 8ﬁt°\#g_}e’|%n%£ %V‘/rgg%cea% sﬁﬁ%h@@gréﬁ\gﬁ ﬁﬁa‘%cy. 30
Keel cool er g, RaGAMGIURED6 L D2, dxB¥R Akt QBma heve s pimas’) tkstynation sinbesnpld & t he
prior art, and incorporate two headers which are connected b\Gl' an array of
paral | el coldséeen cidiged to 40°, wall 214 is larger than wall 214, beveled wall 218’ is shorter

than wall 216 and the configuration of wall 218" has been modified from wall 218.

15 Orifice 220 has been replaced by two orifices 220" and 220". Also, the anode
assembly 222 and drain plug have been moved to a Jower wall 217' of header 204",
Tubes 202 have also been moved along with the change in header 204

The orifice has been shown as one or more circular orifices, since circular
onfices are relativély easy to provide. However, non-circular orifices are also within

20 the scope of the invention, and a length of wall 218 could be dispensed with (as shown
at 218' in FIGURE 15).

The importahce of the size and location of orifice 220 has other advantages as
well. So far, only single pass keel cooler systems have been described. The problems
with the size and location of the orifice to the outside tubes may be magnified for

25 multiple pass systems and for multiple systems combined, as explained below. In two
pass systems, the inlet and outlet nozzles are both disposed in one header, and coolant
flows into the header via an inlet nozzle, through a first set of tubes from the first
header into the second header (with no nozzles), and then back through a second set of
tubes at a lower pressure - and finally out from the header via an outlet nozzle,

30 Referring to FIGURE 16 and 1 7, a two pass keel cooler 300 according to the imvention
is shown. Keel cooler 300 has two sets of coolant flow tubes 302, 304, a header 306



fl ow.tubes. A common keel cooler according to the invention is shown in
FIGURE 13, which illustrates a keel cooler 200" having opposi ng headers 204
| i ke the one shown in FIGURE 7. The headers shown have the identical.
nunbers to those shown in FIGURE 7. Heated cool ant fluid fJg; l,jy,0 one
nozzle 27 froma heat source in the 5 vegpel, then flows iﬁk’ééhﬂ‘ e header
204, the coolant flow tubes 202, the other header 204, the other nozzle 27,
and the cool ed coolant flows back to the heat source in the vessel. Wile
fl owi ng through headers 204 and cool ant flow tubes 202, the cool ant
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and an outernost cool ant flow tube ﬂuch as was shown in FIGURE 5 (and
cor r espondi nalsphssap ereice 328 Beshifihg nunbers), except that orifice 69 has

been repl & ed by pgJ ina&e Liffthtiofy (j)rf.’isge‘?nlﬁ% J:oﬂ‘?:ﬁ:rations, sometimes (as noted above)

it is necessary to remove the inner wall or a section of the inner tube instead of one or

the other of the orifices. Other times, a separator plate is used and the standard angle
interior tubes are uscd instead of separator tubes.

Keel cooler 300 has one set of coolant flow tubes 302 for carrying hot coolant

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

header 308, and the coolant enters a second set of tubes 304 for returning the partially

cooled coolant back to header 306. Thus, coolant under high pressure flows through

tubes 302 from header 306 to header 308, and the coolant then returns through tubes

304, and subsequently through nozzle 312 to the engine or other heat source of the

25 vessel. Walls 334 and 336 (shown in FIGURE 17) of tubes 326 and 327 in header 306

are solid, and act as separators to prevent the mixing of the hot coolant going into

coolant flow tubes 302, and the cooled coolant flowing from tubes 304. There is a

fairly uniform rate of flow through the tubes in both directions. Such efficient systems

have been unable to be produced under the prior art, since the pressure drop across all

30 six (or as many as would be realistically considered) orifices made the prior keel

coolers too inefficient due to poor coolant distribution to be operated without a



30 been noved closer to the openings of the inner coolant flow tubes, has
been noved Ilower, and its size has been increased significantly, so that it
is as large as possible -19 6"FEB2004 within the area permtted on wall 67.
- Rel ocated and enl arged orifice 221 enabl es nore coolantﬁfétggkt lowinto
t he outernost cool ant flow tubes (or framit if the f1 ow 'vierid: b t450hr oceed
out of nozzle 27). As explained in the precedi ng paragraph, the use of
orifice 221 reduces the pressure drop of the coolant and bal ances the fl ow
of cool ant 5 anongst the cool ant flow tubes, thus increasing heat transfer

f he keel | ; h h _ i or
has been T hacS pdgRonsl RSy SR TRCHAD b BB RO R Seaobigl
possi bl e Whjg.§ioRIKBERI R SydtéiRs Rivind 6@ pdis hrrngdmbhis Whd b @ mldﬂﬁ\(ﬂgﬁabl g

provides the desired coolant flowinto the outernost tubes whi
t he proper thossurtuiodd pQrshanbup ithe presdné invenidon taupreyidgssuietient vty exchizgs one
orifice can so be provi.ded, .a shown.jn ElI GU 15 re all of the
Terber s have ens GaRBoNS He el paighat b Fodh ook PELRAREEP g 6 o pt
that so a LOELE idﬁ]ﬁ.tion since angle 0 has been changed to
40, wal Irrgz?g#iﬁ?a?%%%r %%sgﬁ\éfva 214, beveled wall 216" is shorter than
wal | 216 ‘and t heTleddel gauletsystemoshowalih FRABREhHshdséefiowbiesi dtbweventheal | 218.
15 Orifice 220 has been repl aced b¥i t% orifices 220 ¢ d 220", ]I%o, t he
anode  asses| SR SYSIERAVRIAILE ARPTRFTIAG 8T BB AV TRoPRPT £ AUPHEPSHALY 1F177 of
header 204" moseHGE 10 RulaY ThelesRe BREMITREELAN QL athi s hidy ahaNGes header
204' . The Ol’lsfel ce has been shown a5 one“or nore circulfar orifices, since
circular dnitfit tseposaitée nadoading b Yhee preyerit dnyentiva dear. thelawentex of rtobesciorteul ar
orifices are alsg within 20 the scope of the invention, and a Ieng%ﬂ of

e

wal | 2180cdueraassd syrm fathsed Thpserrap 450 be kel coglerswah mare Bagipe PRSYs
| npor tance (pf n%n%$P lSJ? E’S%gg id Qxal 'lé;gﬂlﬂ ﬁsz@E lfd fRatedGn MBS gﬁh@%@ac%ﬂVQ? €s as

well. So far, pass k cool er systens hav een described. The
probl ems  wiinibek b€passesis anddl anmaberpthersfis bienwrleflbcated in dattehaudtsi de t.ubes may

be magnified for 25 nultipl ass syste nd for, | Li syste conbi ned,
as exgl ai ned be|Wthq:rrp5pgggo lh% presern invcnr{l%nafs shown mrg‘iGtL}PPé ?8, xﬁlch Shows

a multiple systems combined keel cooler which has heretofore not been practically

15 possible with one-piece keel coolers. Multiple systems combined can be used for
cooling two or more heat sources, such as two relatively small engines or an after
cooler and a gear box in a single vessel. Although the embodiment shown in FIGURE
18 shows two keel cooler systems, there could be additional ones as well, depending
on the situation. As explained below, the present invention allows multiple systems to

20 be fa: more efficient than they could have been in the past. Thus, FIGURE 18 shows a
multiple systems keel cooler 400. Keel cooler 400 has a set of heat conducting or
coolant flow tubes 402 having ouler tubes 404 and 406, which have orifices at their
respective inner walls which are similar in size and position to those shown in the
previously described embodiments of the invention. For two single pass, multiple

25 systems combined, keel cooler 400 has identical headers 408 and 410, having inlet
nozzles 412, 416 respectively, and outlet nozzles 414, 418 respectively. Both nozzles
in respective headers 408 and 410 could be reversed with rcsije.ct to the direction of
flow in them, or one could be an inlet and the other could be an outlet nozzle for the
respective headers. The direction of the coolant flow through the nozzles are shown

30 respectively by arrows E, F, G and H. A set of tubes 420 for conducting coolant

between nozzles 412 and 418 commence with outer tube 404 and terminate with



pass systens, the inlet and outlet nozzles are both disposed in one header,
and coolant flows into the header via an inlet nozzle, through a first set
of tubes fromthe first header into the second header (with no nozzles),
and then back through a second set of tubes at a | ower pﬁﬁfi [€e.anand
finally out fromthe header via an outlep2nozzle. 30 Refef gﬁtgmHIGURE 16
and 17, a two pass keel cooler 300 according to the invention is shown.
Keel cooler 300 has two sets of coolant flow tubes 302, 304, a header 306
-20 1 10" VEB 2M and an opposite header 3 0 8. Header 3 06 has an inlet

nozzle 3 10 and an oyt nqQzzle ,312, ich extend through a, gaske 14.
Gasket (s) 31 5P Suhe égicﬂﬁlar%qf °§1téb‘°t§f Hededingsbgwest, 30 %?&@5%# »308
has no nozzl ﬁoﬁnm%n %tithq{uteﬁmeom Sd EMRnS rliggwﬁﬁls& angélsﬁaﬁ@bm@.s 1848211320 for

connecting the portion of t eel cooler h 1 ncludes 5 header 308 to the
hul I of the vksbed 42Thed H2d whivh| 2 tadjkeaninid behertigrnee eolid)end eateod befiveen he

vessel enters nozzle 3 10 as shown b% ,ﬂlrow ' andf t he cool ed cool a’@r;[%
returns to theendmgllaef headrsifOaded 4306 ‘Fﬁcdt?gﬁﬂb‘ﬁt PRY SHEHD PePa IS by
the arrow D. r e | t L n FLGARES 7, 8
and 11 in fhgl?d%rﬁit ?t({:@g' éfc%%r%‘é%%ﬁ | ngs‘% {gggsf’igpitg{g tggg@%s%ggtfgﬂ%olol ant ‘into
tube 322 andofd kel tubler, 3Rd tubleh 420 faddiih ieffact, a stednd I326cadervelong svith theipar at or
tube for delivering inlet cgolant from header 306 to header 308, and it has

an orifice (wepectinelsydartr Kedleioplerndl00dws disveled clasep apdmortions rd. 438 inder
i gh pr essur g LIt R IRl B3 UeePORIAS. oA R GHERMORGhARN uoth Bubiflf ko 2

t ube 327 whi Féeturn-separator tube carrying co om header

308, al so hapadfe RédlfdobRrs32fhck thdteadi@rsadals by anfofeqapmgevo hiatlerds) mrigr or
assenbly considerations, sonetinmes (as noted above) it is necessary to
renove t hed i thaeifowalNMuldipleskeslenoiashcass be ¢rantinwkin arbvs ¢ombisaipner Tops con  t he

Standard angPerq FBRieaRe Pasee Bs 2t Sl AATELUEI € o opar at or tubes. Keel
201 T om header 300t 6 he T B e ol o o
turned 1801, systemshieadebirBfien agstbwrhie HGOIRIH19.eht BIGURE 18ex keed cealer B0 i ubes
304 for ret ucrlgpiicntgd LQ\%R %rstirilgé lpzss keel cooler portion 502, and a double pass keel cooler
15 portion 504. Keel cooler portion 502 functions as that described with reference to
FIGURES 6-11, and keel cooler portion 504 functions as that described with reference
to FIGURES 16 and 17. FIGURE 19 shows a double pass system for ope heat
exchanger, and additional double pass systems could be added as well.
FIGURE 20, shows a keel cooler 600 having 2 double pass keel cooler portions
20 602, 604, which can be identical or have different capacities. They each function as
described above with respect to FIGURES 16 and 17. Multiple coolers combined is a
powerful feature not found in prior one-piece keel coolers. The modification of the
special separator/tube design improves heat transfer and flow distribution while
minimizing pressure drop concerns.
25 The keel coolers described above show nozzles for transferring heat transfer
fluid into or out of the keel cooler. However, there are other means for transferring
{luid into or out of the keel cooler; for example, in flange mounted keel coolers, there
arc one or more conduits such as pipes extending from the hull and from the keel
cooler having end flanges for connection together to establish a heat transfer fluid flow

30 path. Normally a gasket is interposed hetween the flanges. There may be other means

for connecting the keel cooler to the coolant plumbing system in the vessel. This



- cool ed cool ant back to header 306. Thus, cool ant under high pressure flows

t hrough tubes 302 from header 306 to header 308, and the cool ant then
returns through tubes 3 f 304, and subsequently through nozzle 312 to the
- engi ne or other heat source o the 25 vessel. VWalls 334 and 336 (shown in

FI GURE 17) of tubes 326 and 327 in headey- 306 are s§lY ¢;taddifact as
separators to prevent the m xing of the hot coolant going into coolant flow
tubes 302, and the cool ed coolant flowi ng fromtubes 304. There is a fairly
uniformrate of flow through the tubes in both directions. Such efficient

o ascure drbieerosdaprsl el el deaRakg sy B Be P LiR b

consi der ed) c4dnk } ﬁﬁﬂ,iﬁgag@teﬁﬁ]e prior keel <coolers too inefficient due to
poor coolant distribution to be operated without a -21 1 ~~5 L L 2-104
substanti al addi Theoimakenterf bas béenc dercribeth svithi particularoetisence goHhe erefeepass
systens, prior ,.one piece.keel cool.er systens, having.two SS rangements
are up to 2@@’6’9“’&‘?‘5@?%?{5% %FEB OP‘IQSIEH P%‘E‘“S‘Eﬂﬂsﬂ%%’ mPﬁ@P@rné%cgﬁ?a Oﬂ@enti on
to provide @Hﬁi{q‘ i 8Pt RRAtsoSPCHRMYSny&ibh 3685 odctr TS skifled e el e anount
of heat fromthe coolant while attenpting té6 5 maintain acceptable pressure
drops. The hieh tiaoletionypettems.shown in FI GURE 16 has 8 flow tubes. However,
the two pass system woul d be appropriate for any even nunber of tubes,
especially for those above two tubes. There are presently keel coolers
having as many as 24 tubes, but it is possible according to the present
invention for the nunber of tubes to be 10 increased even further. These can
al so be keel coolers with nore than two passes. |If the nunber of passes is
even, both nozzles are located in the sanme header. If the nunber of passes
is an odd nunber, there is one nozzle |located in each header. Another aspect
of the present invention is shown in FIGURE 18, which shows a nmultiple
systens conbi ned keel cool er which has heretofore not been practically 15
possi ble with one-piece keel coolers. Miltiple systenms conmbi ned can be used
for cooling two or nore heat sources, such as two relatively small engines
or an after



cooler and a gear box in a single vessel. Al though the enbodi nent shown in
FIGURE 18 shows two keel cooler systens, there could be additional ones as
wel |, depending on the situation. As explained below, the present invention
allows multiple systens to 20 be far nore efficient than they, could have
been in the past. Thus, FlGURE 18 shqgﬁua nul tipl e systenkhkddk cool er 400.
Keel cooler 400 has a set of heat conducting or coolant flow tubes 402
havi ng outer tubes 404 and 406, which have orifices at their respective
inner walls which are simlar in size and position to those shown in the
previ ously described enbodi nents of the invention. For two single pass,

mul tiple. 25 gﬁﬁtenﬁ.cpnbined, keel cooler 400 has identical headers 408 and
410, haviWFTTEMddz21 es 412, 416 respectively, and outlet nozzles 414,
418 respectively. Both nozzles in respective headers 408 and 410 coul d be

reversed with respect to the direction of flow in them. or one co Ip be an
i nl et and. t ha tder farcuhent echangei ithe heg{gxshangep paying 2 plusabice oF Paafighder s.
The directiop of the cool ant flow thr nazzlies. 8 of
respect i vel yUW§> LFFBGERCTaRY r&%’r‘*’ﬂﬁ’g.& QJ;% cnﬁ?b’ﬁ Eééﬁaﬁ%@%ﬂg{r}%\é\% duct i ng

cool ant  bet YaeA AP AAkLS EnddecanandibBecabtRiaed bitween theasuténthst Wbds, dnd
termnate with -22 18 F E 8 2004 separator tube 422, and a set of tubes 424
ext endi ng beinnertubsobarvigscaoiant perds. 4414 headep GHMAGTRG Wi t h outer tube 406 and
termnating with separator tube 426. The walls of tubes 422 and 426 which
are adjacent to each other are solid, and extend between the end walls of

headers 408 gndpAdQvalllhaasy walchs pbhiss, bpiosingysdepordepaaatione, poniircind
prevent the flow of coolant across these walls, so that the t#be@g@) form
ineffect, emiliéuiicoesnig, forprmiitine sheqdow poerplant felreerap nlglQRELIY keel

cool er - (al ong aiithLhell  Les0eRtiae A0RNS Ly KERL GALE! sARQhASaRPvl ed

cl osed end p ssed earlier.” This type keel cool er

can be nore E&ngmﬁaéidhbpé}iwipﬁﬂimy\l) separate keel coolers, since there
is a savings by only requiring two headers, rather 10 than four. Miltiple

keel coolers can be conmbined in various conbinations. There can be two or

TOr e One DS S SR AR Y A U s U1 R B A pBichPT © 1 ol €

pass systens

an end wall interconnccting the end portions of said upper wail and of said bottom

wall;

an inctined surface extending between the inner portions of said bottom wall and
said upper wall, and including the open end(s) of the at least one inner tubes to said

header; and

side walls cxtending between the side portions of said upper wall and said lower
wall, said side walls being cxtensions of the outermost tubes of the exterior side

walls of the heat exchanger, and including an outermost wall and an inner wall;

the inner walls of said side walls, upper wall, end wall, bottom wall and inclined

surface forming a header chamber;



systens in conbination as shown in FIGURE 19. In FIGURE 19, a keel cooler
500 is depicted having a single pass keel cooler portion 502, and a doubl e
pass keel cooler 15 portion 504. Keel. cooler portion 502 functions as that
described with reference to FIGURES 6-11, and keel cool.er Eortég 504
functions as that described with refegfnc to FIGURES 16 % | GURE 19
shows a doubl e pass system for one he exchanger, and additional double
pass systens could be added as well. FIGURE 20, shows a keel cool er 600
havi ng 2 doubl e pass keel cooler portions 20 602, 604, which can be

i dentical or have different capacities They each function as described

above with relsfflgﬁ%%\%rzﬂ Oqj SIS = 1\?111 &Kav:h@:ntlf % §29b a‘rn(mﬁﬁg'tﬂceﬂoﬁs a

power f ul fedt coo e nmodification

of the Spe%raéooﬁﬁp%ai&ﬁ/ %Hpﬁcdii@ﬁ EEHboInAVBS répattiver ansfarst aibd, fhidw
di stribution whil nininizinggfressure drop concerns. 25 The keel coolers

descri bed abvd'e:esh@imrb@mgl dsposed at keasignely pveg sadanchinedrsriace and af kastnt o or
out of the kee there are other means for transferring

fluid into dF“%hg W%SHQJR@‘?U@%GT%WH5for exanpl e, in flange nounted kee

coolers, there are one or nore conduits such as pipes extending fromthe
hull and fromthe keel cooler having end flanges for connection toget her to
est abl i sB a Ahdaader aansdiog té iclaiua If wb@mm@awa@mlccmrmrhayaaag?aﬁémtw@l

i nt erposed bet en t Ther ot er onngcting the
keel cooler‘Poaﬁﬁea%gﬁiL%'e fﬂﬁﬂaﬁé) V%ﬂ@ esf:@i%ly #%ng- SE%nvention

i s i ndependepiaih drlgidtoyiFee gleagonnecti on used to join the keel cooler to the
cool ant plunmbing system The invention has been described with particul ar
reference to the preferred enbodi ments thereof, but it should be understood

| nvent 1 oh ey dgeet regpe EabeR] g i ol BB R B RERRS 2L o

pertains. 24 Wsat is clained is : 1 A header for a heat exchanger. the

heat exchanger having a plurality of parall el
4. A header according to claim 1, wherein said orifice means is plurality of orifices.

5. A header according to claim 1 wherein said orifice means covers substantially the

entire inner wall which would contribute in forming said header chamber.

6. A header according to claim | wherein said orifice means has any shape sufficiently

large to cause no more than minimal restriction to liquid flow.

7. A header according to claim 1 wherein said upper wall lics gencrally in a plane,
said bottom wall is beveled with respect to said upper wall, and said bottom wall
extends from a junction of the lower portion of said inclined surlace and the lower

portion of said end wall; and

wherein said orifice means is located above the junction ol the lower portion of said

inclined surface and said botiom wall.

8. A header according to claim 1 wherein said orificc means is a circular orifice



t ubes having generally rectangul ar cross sections, the tubes including a
pair of outernost tubes and at |east one inner tube |ocated between the
out ernost tubes, the inner tubes having cool ant ports, said header
conprising: an upper wall having an end portion, opposing side portions, an
inner portion and an inlet/outlet opgping for perm tting tam P4y of

cool ant between an inlet/outlet and §Said header; said upper wall having a
| engt h extendi ng between said upper end portion and said upper inner
portion; a bottomwall having an end portion, opposing side portions and an
inner portion; an end wall interconnecting the end portions of said upper

wal | and of ' om, , i.aclined surface extendi ng between the
i nner porti&%ghgppgééﬁﬂg%g?g#Pﬁgﬂﬁwgﬁd said upper wall, and including the

open end(s) of the at |east one inner tubes to said header; and side walls
extending bet ween the side portions of said upper wall and said [ower wall,
sai d sid® wah headsepergrding bnepisnt wherameidor Begipetnstis b eircwar erificesshasei or  si de

|l f the.; . nel udi st wal d [
vl 1 the' i aare s GOAMAE e ARG oA AR L B R e85 o v

and inclined surface form ng a header chanber; -25 18 FE 2004 said inner
wal |l s of said side walls each having orifice neans for permtting the flow

of cool alft bethgedas asegrdingetaddeing f ayvaeinathe pardlel ddse devey en doteerahssasst ube.

said orificeg ej na .di spQ least. partly over sai.d inclined

st face and Srorgnge® RSB ETA R Rbe nRAR} iRt BERes B 2 M header
accordi ng t Qi tdagt M Gimeh SeahRribt@sOsdcfibtt 2R AN Sadhas (s ipAA10A psiegst anti al |y

as large as the largest circular orifice which can be practically provide at

the location of said orifice means. 3. A header according to claim!]
wherein said, rjifice LS @ GiLcul.ar, or.fi 4. A head according to
ot m 1, Poing Beidet S oA oo f MR Bl Gt s pdipk idag o3GRS

have an internal cross sectional area, and wherein said orifice means has an area of

at least 1% times said internal cross sectional area.

12. A header according to claim 1 wherein the area of satd orifice means is about twice

the area ol each of the parallel tubes.

13. A header according to claim | wherein said bottom wall has a beveled portion

extending {rom said end walls.

14. A header according to claim 11 and further including an anode assembly located on

said beveled bottom portion.

15. A header according (o claim 11 wherein said anode assembly has an anode bar
located on the exterior side of said bottom portion, and said anodc bar does not

extend beyond said end wall.

16. A header according to claim 11 wherein said header includes a drain assembly

including a drain hole in the bottom wall and a drain plug locatable in said drain



5. A header according to claim1 wherein said orifice means covers

substantially the entire inner wall which would contribute in formng said
header chanber. 6. A header according to claiml wherein said orifice neans
has any shape sufficiently large to cause no nore than m ni rralﬂﬁ%estri ction

to liquid. flow 7. A header according, to claiml wher di § {56 ddbbper wal |
lies generally in a plane, said bottomwall is beveled with respect to said
upper wall, and said bottomwall extends froma. junction of the | ower

portion of said inclined surface and the |lower portion of said end wall;
and wherein said orifice neans is |ocated above the junction of the |ower

portion of said .inckined surface and.said hottomwall. 8. A header
accordi ng tiwLel’ %ﬁ'?lnallp‘”%@?’gf‘ﬁnglgggugﬁrﬁhﬁ? On?TﬁlgrPé’ tom ‘gl‘ﬂLi rcular orifice -26-
-18 F EL3 2°'0 O 4 generally tangent. to said bottomwall. 9. A header

according to claim|l wherein said orifice neans is a circular_ orifice whose
si ze is /e Avbsadaungsording o Hadm W mhergin s@d dsdn @lugdnss npbextendhbdawdhtieader
chanber. 10. Iﬁihel%flgr. ac, l%cfjgugg %gﬂ&éﬂg& g]tlmm@venei n the parallel tubes have
an i nt er nal J YR OT Ed fieliped suttecy and st Boftamanall 2y orifice means is a
circular orifice having an area of at least 11/2 tines the internal cross
sectional area of each of the parallel tubes. 11. A header to according to
clai m | Mherehgadenaceordmgnig ¢leinm dy whegreiniseid oplet/puldet engning iadre OpeningIt er nal
cross sectional E‘%F b al’(l)d, lwherlﬁqbg. z&joq Qtl‘ii Lilc?ezl(reans has an area of at

| east P/ 2 t FREECERIJo A0S0 e ICUoltiet 3 anpZelycn ™1 57 A header according
to claiml wherein the area of said orifice neans is about twice the area
of eacb of the parallel tubes. 13. A header according to claim1 wherein

sai d bott9%emAnheadender a hselvesichangssr thi digal exchangsr gvieorphaldy ehdapdlel s 14. A
header according t.0 claim.J). I _and further.includi nade assenbl
| ocat ed on uiggf’ g“ﬂ@%g?@éaqb’orf‘ft%l %{rc??sgﬁtf&lflg?’ Sﬁ“ﬁ%ﬁ%’é%%@é@%&i ng to cl>/ai mil |

wherein said anode assenbly has an anode bar |ocated on the exterior side
of said bottom portion, and said anode bar_ does not ) .

a generally planar upper wall having an end portion, opposing side portions. an

inner portion and an inlet/outlet opening for permitting the flow of coolant hetween

an inlet/outlet and said header;

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

said bottom wall being beveled with respect to said upper wall;

an end wall interconnecting the end portions of said upper wall and said bottom

wall:

an inclined surface extending between the inner portions ol said bottorn wall and
said upper wall, said inclined surface providing access for at least one of the
plurality of tubes to said header, said inclined surface and said bottom wall meeting

at a junction;

side walls extending between the side portions of said upper wall and said lower

surfacc; and



extend beyond said end wall. 16. A header according to claiml | wherein
sai d header includes a drain assenbly including a drain hole in the bottom
wal |l and a drain plug locatable in said drain -27 hole, said drain plug
extending outwardly fromthe bottomwall. 16 -E 20,134 17. A header
according to claim 14 wherein said d[%;n pl ug does notﬂqygggdgmﬁlow the |j
unction of said inclined surface and Said bottomwall. A header
according to claim1 wherein said inlet/outlet opening |s an openi ng
connectable to a nozzle, and the inlet/outlet is a nozzle. 19. A header for
a heat exchanger, the heat exchanger having a plurality of parallel. tubes

havi ng genera rect ul r ectl sali § header conprising:. a
general ly pI adrr%?{pm "e“ru%a glaﬁlﬁOU\?P 5a1d§)ﬁv%%(ggsllo En; opposi ng side portions,

an inner portion and an |nlet/outlet openi ng for permtting the flow of
cool ant between an inletloutlet and said header; a bottomwall. having an

end portddon A b@ﬁﬂ@fs W'?Qr(bil&dé) glaim il drvdherain szd drmh@iugodnes inohexterthbelowdhe om wal |

bei ng bevel e t to sai.d an end. wall interconnecting
the end port”"B'\rcfg“ éB %&é‘laﬁ}%lbﬁ ﬁ"gmgglaléﬂ‘g‘(‘ittom wal I, an inclined
surface extending betmeen the inner portions of said botton1ma|| and said
upper wal |, said inclined surface providing access for at |east one of the
pl ural i t3l. ofA bmg apeprdiag dorddaitrend 7 whireinjsatd intesubel epavingarsdars gbelit®t t om

wai |l neetin unct i extendlng bet ween the side portions
of said uppg?’ “I%lélﬂd”g)ééﬁ ‘r’rngvvgem\iveE Pﬁ%\ JaARodC o8 "a drain plug extending

t hrough said beveled bottomwall. 8 " E B 2004 20. A header according to

claim 17 wherein said drain plug does not extend bel ow the
22. A one-piece heat exchanger comprising:

a plurality of coolant flow tubes having rectangular cross sections and extending in
a longitudinal direction for carrying coolant [luid and for {ransferring heat from the
coolant fluid to a fluid heat sink, said coolant flow tubes having inner tubes and
exterior side tubes, said inner tubes having at least one set of open ends in

proximity to each other; and

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, a generally flat upper
wall having an opening for the {low ol coolant into and/or out of said heatcr, a
closcd cnd portion opposite said inlet end portion having an end wall transverse to
said upper wall and a beveled botiom wall having a beveled portion terminating in a
generally flat bottom wall generally parallel to said upper wall, said beveled portion
being beveled with respect to said longitudinal direction of said coolant flow tubes
to reduce the turbulence of coolant low to and/or from said coolant low tubes and
increase ambicnt fluid flow to the exterior surfaces of said coolant flow tubes
compared to a non-beveled inlet end portion, and side walls comprising extensions

of said exterior side tubes, each of said side walls including an outermost wall and



junction of said bottomwall and said inclined surface. 21. A header
according to claim 17 wherein said inlet/outlet opening is an opening
connectable to a nozzle, and the inlet/outlet is a nozzle. 22. A one-piece
heat exchanger conprising: a plurality of coolant flow t*ﬁiﬁam@g
rectangul ar cross sections and extendifg in. a |ongitudimal ion for
carrying coolant fluid and for transferring heat fromthe <coolant fluid to
a fluid heat sink, said coolant flow tubes having inner tubes and exterior
side tubes, said inner tubes having at |east one set of open ends in
proximty to each other; and a. header connected to said cool ant ro_\(/iv t ubes
at said set of open ends, of said,tu i Sal aaflek difaeblagt betwicolh sdidend
portion for rascengt W@llec%%cflﬂf“r Pl agﬁ%/%} etlgir\k/leri ng coolant tg said

cool ant flow t ubes & hrough. sRireheopeRhiendaid iangewal i By exPRROY FHE T |

havi ng an ope‘?ﬁan For‘the flow of coolant into and/or ,ouf. gf a?[ﬁjgeﬁ@:i‘ﬁ’it er, a
closed end popdin@ispmpdst teasismiridy PYﬁTéﬂldéFiH‘_ﬁ‘Uf POTYRN ARG PhG A ertd \Aﬁlil alarl
transverse to said upper . wall.and. ed i Mewpddt thahd hpgaudiesle! ed
portion term swad ORENINE 23 V‘%@eWa?ﬂrfﬁ?‘%gst\ée%geﬁlgl?n%ml Ie%éener ally rgl lel to
sai d_upper wal ecti%ﬁi &i(pg%@[egqmpmd ic@ving bedingt besrahlapolont Aowde gBLPT 85 d

| ongi t udi nal %‘l rection of sai'd coolant flow tubes to reduce the turbul ence
of cool ant fl gudbefieesd/ or from said coolant flow tubes and increase anbient
fluid flow to the exterior surfaces of said coolant flow tubes conpared to
a non-bevel ed inlet end portion, and side walls conprisi n% ext ensi ons of

sai d exterj,or _sibrétg %89%% cCAEd @ S dlasmd 20 werhbsin eidu@rifge disod etfibst

wal | and = g_/\:- t2 aﬁ inner wall, sajd inner.wal I.ll}e{vi Ndy o8 of Or the
fl ow of cool apibsemtinkens Eaiecas thelargsst %ml%aﬂgc"e%’bﬁi%'ﬂ tipea og whi clﬁ sai d
inner wall is an extension, said orifice being disposed at |east partly
over said inl dfe l@ﬁﬁ‘“ﬁd&ﬁ?@ﬁriﬁﬁ' at least partly beneath said opening as
viewed in a transverse direction with respect to the |ongitudinal

direction, said beveled portion serving to direct, inter.nal ¢ -floew to
and/ or fr onm, S}a_hdltakcﬁﬂnggmccordlﬂg to claim {) whercin said onlict 15 One U?Q k)ﬁ‘n;]lt;( 0?

orilices extending through said inner wall.

75, A heat exchanger according to claim 20 wherein each of said orifices covers

substantially the respective inner side walls.

26. A heat exchanger according to claim 20 and further including an anodc assembly

located on said beveled portion of said beveled botlom wall.

27. A heat exchanger according to claim 20 wherein said beveled portion has an interior
side and an exterior side, and wherein said anode assembly has an anode bar located

on the exterior side of said beveled portion, and said anode bar does not extend

beyond said end wall.

78. A heat exchanger according 1o claim 20 and further including a drain assembly
including a drain holc located in said heveled bottom wall, and a drain plug

locatable in said drain hole, said drain plug extending outwardly from said beveled



23. A heat exchanger according to claim20 wherein said orifice has an area
substantially as large as the largest circular orifice which will fit in
said side walls at the location of said orifice. 24. A heat exchanger
according to claim?20 wherein said orifice is one of a pi rgﬁ'tﬂmm

orifices extending through said inner yall. 25. A heat exCh ger accordi ng
to claim 20 wherein each of said orifices covers substantially the
respective inner side walls. 26. A heat exchanger according to claim20 and
further including an anode assenbly |ocated on said bevel ed portion of said
bevel ed bottomwall. 27. A heat exchanger according to claim 20 wherein said
bevel ed portion has an interior side and an exterior side, and wherein said
anode assenbﬂyﬁWQSWﬁ% anode bar |located on the exterior side of said
bevel ed portion, and said anode bar does not extend beyond said end wall.
28. A heat exchanger according to claim20 and further includi wdidai n
assenbly ainchugliangxchadgaiavcording togdaired) WICERT aalgecgglpe‘g&bg# fgbo%&v\%l I, and a
drain plug locatable in said drain hole, said drain plug extending
outwardly fr obslewisarddfly BPUM18 FE 2004 -30 bottomwal l. N. A heat exchanger
according to claim 20 wherein said drain plug does not extend below said
Rat bottom



