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engi nes, generators, gear boxes and other heat generating sources in

i ndustrial apparatuses having fluid-deol ed heat sources, such as marine
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engine is a sufficient coolant. However, as the vessel ower demand gets
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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 outboard motors for small boats. ambient
water pumped through the engine is a sufficient coolant. However. as the vessel
power demand gets larger. ambient water pumped through the engine may continue to
provide good cooling of the engine, but also serves as a source of significant
25 contamination damage to the engine. If raw. ambient water were used to cool the
engine. the ambient water wdﬁld carry debris and. particularly if it is salt water.
corrosive chemicals to the engine. Therefore. there have been developed various
apparatuses for cooling engine.s and other heat sources. One apparatus for cooling the
engine of a vessel is channel steel. which is basically a large quantity of shaped steel
30 which is welded to the bottom of the hull of a vessel for conveying engine coolant and

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



30 whi cu, "f:’ 3ded to the bottomof the hull of a vessel for conveying
engi ne C0O0 and transferring heat fromthe cool ant t PGHESWHEE2dNt

wat er. Channel steel has severe WO 01/31273 PCTI USOQ 41624 -2 limtations:
it is very inefficient. requiring ajarge amount of steel in order to
obtain the required cooling effect; it is very expensive to attach to a

vessel, since it nust be welded to the hull - a very |abor intensive
operation; since channel steel is very heavy, the engine nust be |arge
enough .t
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spaced headers segured to the hull. and a pluralit heat conducti on

tubes, BadequaF foRiBe aresenyaad future despands crré:@t)hmngdﬁm debyi mhring vessels.bet ween
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cool ant flow I I'nes extendl ng e engi ne "or 5t Hot
cool antsegmenteof tiemeriné irslustan drer abaadomih chanheited mdaRgRr srﬂzﬂleh‘ké‘éier | ocat ed
beneat h t[uﬁ?%}gter | evel .(the water IeveI refers to the water |evel
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sides of the hull. The ant then he Téspec
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t he .cool ed cool an eturns tq the engin The 25 headers and the heat
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and the headers. and into the anbient water e rect angu
connectseptdpr ke reagangular. 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, 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 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. 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. 1o 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.



header s d fairly close to each other, to create a |l arge heat flow
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Frequently. these keel coolers 30 are disposed in recesses on the bottom of
the hull of a vessel. and sonetinmes age nounted on the side of the vessel.
but in all cases below the water line. WO 01/31273 PCT/ US0O0/ 41624 The
foregoing keel cooler is referred to as a one-piece keel cooler, since it
is an integral unit with its major conponents wel ded or brazed in place.
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entirety. There ar vari et es of one-piece
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rectangul ar heat conduction tubes e enj oy W de-spread useé sl nce their
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corrected b he present jnvensi.on. The rectangul heat exchangers of the
prior arf @ HB"‘B wonehile chpngs mr‘é%ﬁ%ﬂ&“a‘?fr%%‘?'-aﬁqdeqhﬁﬁﬁﬁgﬁp avi ng
headers gftic P6tE naPBe I6dafedSR G sattlReiR8ddpeader s have opposing end wall's :
whi ch are perpendicular to the hull of the vessel and parallel to each

other. and acEvers thougl rtherforegoingbiheat exehangers| swithr dhatievangwar Heakeel
cooler as the.15 vessel wth the heat exchanger travels through the water.
The. per pedigt S Jiue riglen SMdF aPiead SR AR dhpE EPE PR EB AT doad
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heat froma coolant flow ng through heat conduction tubes depends. in
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the dead spots. In addiuon. the perpendicular walls diminish the flow. of ambient
water between the heat conduction tubes. which reduces or diminishes the amount of
20 heat which can be transferred between the coolant in the tubes and the ambient water.
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 set(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
extensions of the outermost rectangular tubes form exterior walls of the respective
headers. Coolant flowing through the heat exchanger. has limited access 10 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 parallel inner wall. In

order for coolant to flow into the outermost rectangular tubes. orificcs. most often
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i nvent okeel tbaler ishighegihag defieedori fi ce size and noving it closer to the

natural flow_path of the coolant flowi ng throu the headers. i.e. its
optimal pat hTht f?fr%w; CopiaRk dhire PR reRREIITS Ihcaa il (A IS of t he
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moving it closer to the natural flow path of the coolant flowing through the headers.
l.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 portion of the respective headers.

which increases the overall height of the header and which may render these devices

2
W

subject 1o potential damage from debris in the water and underwater structures. In
order 1o 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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coolers according to the design of rectangular tubed keel coolers presently being used

have been found by the present inventors to be larger than necessary both in terms of

size and the related internal pressure 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 being used relate to the imbalance in the coolant flow among the
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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 conduction tubes in present
rectangular tube systems has led to inferior heat transfer in the systems. In order to
attend to this inferior heat transfer. the designers 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. 10 overcome the poor
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Anot her obj ect of the preéesent 1nvention is to provi | mproved heat
: present invention, as described 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.
Another 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 1s 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
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new one- pi eCg stif@lrther objectfThAPHESInt Rvéhiieh 1586 ARG Dfievd BARBRCORSH! -- - -
conduction tubes which has enhanced 10 durability conpared to keel coolers

pr esentdxghanget thevimgr ieetangular ehaped dheabjconduationt tubey whieh ihes enbancgd pr ovi de an
-improved heat exchanger and - - - headers thereof which is capable
of-d&fl‘&f‘l‘q‘ﬁ% CQBPA tgrgf’eé cpglgmqrgs_epﬂ% MKE enting a snaller target to

debris in th&r&ﬂi&ﬁ%&ﬁpt/\@hﬁé -ir;dehtibﬁisﬁﬂ?h_ﬁ\ﬁﬂe abingsbvédhdal exdhdaze akeel cool er
and- header thereof which projects - 15 into the water fromthe hull by a

| esser headerntheréndiwhicheis capabisseiotedieeiingoiebrip mase raedidy. and doy rresentingaheader s
ot oveP e Ber i BBl BB PE T < Cael er to nstall o veesel s
t han corr espi@iarighds @bject ROprow e a keel cooler and-header thereof which projects
15 into the water from the hull by a lesser amount than the corresponding o_ne-piece keel
coolers and headers thereof.
Another object of the present invention is to provide an improved one-piecc ~
keel cooler which is easier to install on vessels than corresponding kecl 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 more 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

2
wn

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 heal
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 object of the present invention is the provision of a one-piece- heat



presently on the market. - 20 It is still another object of the invention
to provV@M31HRe- pi ece heat exchanger having a reduced RCIASIPMBI6op and-
a nore uniformdistribution of-coolant flowing -- therethrough than heat
exchangers presently on-the market. fo§_increasing the-anmount of cool ant
fl ow ng through the heat exchanger to I nprove-its-capacity to transfer
heat. Yet a further object of the present invention is to provide--a
one- pi ece heat 25 exchanger and a header having a | ower weight. and

t her ef | t. - th i e- pj t h
br esent | yeicRAes 167 & vessngl vt ek TGty 1 presuRl ToRARE oo Hete fFahr ovi de
-a- - one- gichatzerPWwhichOAaRASS the dVerdR XM thankfee bEFbmiAE BAd pRAARNBWER" heat

conduction tubes having a _|ower pressure drop in coolant Tlow ng through
the heat Peeswmduops thenrthe priecuptsivithoyt regyiningadditienah plyorhing ros sequating known.

- Anot her - e f_the. I v QN i royi sion of a

one- pi ecea}%@{é?n%@/\ﬂg%i} @gg%ﬁﬁﬁoﬂg%&'ééﬁag?%?g%jlgﬁta?%%‘ﬁ' for a vessel, for
use as & retroftiis ahéthedolgvitWfthe investicl loestovide -ahi itpeoveddieaderfobanger s Whi ch
wi |l surpass the overall heat transfer performance and provi de | ower

pressur e Biegpleat pechanger havingreciangular gpelawi flow &gk i ng addi ti onal pl unbi ng,
or requiring 1.t spage [ T 0 ate, a. r heat
output 5 1t i Al Mifke BRORE phVE o Rlbbved BT A3bie Rickk DR
header f oexchangee-with esctarigebir ceulahtiflgwrtubes whirhr educesght alead epdtathiéth ow

t ubes. Anpt h%r? object s ttﬁ gr ovi de  an i hproved header for a one-piece heat
exchanger hayecher G rrgused the beat sransier capabiliies ot pnechiesedpat exchangersidhel spot s
whi ch a . t.ha . Lok byt - pi ece
neat cxuhaadaBEs fHgify UL HERT i Jolr ABEEbnd BAARE Hd Lt (RAE,
around antibbget ween the coolant flow tubes. A further object of the

I nvention is t rovide an jpproved header for a .one- piece keel cooler
Wi th rectangul g‘rp"fg‘ﬁi g'l’JFth‘?fJ(}gp fR¥gaUon Eytorlgaﬂg?ﬁ@ impeovedihiepderdor a gme- Januge
to the he Ik | t 1.8 & d
damage lgggﬁggﬂgdgogé%lﬁ?&t&gg{a?g@l Iwg{ti er B%éjagjg.“%%re%gﬂ%?‘gy*si on of
a header @amagsftbabe heager fromestrilang 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



turbulent flow of the anbient water flow ng between and around the heat
transferWQUMAE3 |t is an additional object to provide anPFRSYES2header
for one-piece keel 20 coolers which enables the anode for such keel
coolers to be less likely to strike_gebris and underwater objects. Another
object is the provision of a keel codler having a snmaller, and nore
streamined profile to reduce drag as the vessel with the keel cool er noves
through the anbient water. 25 Another object is to provide a header for a
one- pi ece heat exchanger which, proyi fgr enhanced heat exchange between

des
the coolexphangriandtheadar herrof wdinh s ticieny PR e Sy mapfaptureZnd Uset yr t her
object is 1o (ﬂﬁ&yci%@ct ?I?éi%ﬁ'nefag?a@nﬁ?@m RhLEB iR 1§ 1OIAR 9Rd fohi thb
provi des for nore aniformflow cool ant through all tubes of the keel
cool er, appenddd clamps.ove t he heat transfer as conpared to equival ent, current.

headers. A geperal object of.the.present. invention i.s to provid

one- pi ece heat"*W¥'61 éﬁi??”é’éi‘l%ﬁpﬁq n1s Elé??gﬁﬁjaﬁ%eﬁ' ogﬁ-an%:gagee s t her eof
Whi ch si Sx@fidrigei, 8R! hédi tbxehdnpelsi Mavirgntwien Reddesst whieh ainél integral wilhhedolaj ect s

wi || becone apparent fromthe description to follow and fromthe appended

cl ai ns. fidvetibes.elftis particulavipiapplicablestozingt exchengsrs psed oy marieg vessels agne- pi ece

h h i.e..h h havyii d | :
it ogr ol SRR aBcaiich 1 R SHRERT B feg AT el Bolbge BT B oy

exchangeishdtiped Skoftiig 6 INEPS@bist Bfventibns cats akd eanbédefor wbuling hentt hat
context are also called keel coolers. However, heat exchangers lgaé‘icordi ng
to the [eeaerehing sowesst(poheating capker old {luidy in ethergiatipns suchias I@IERAL i ng
sour ges r heating.co j ' t ' ' S
odudtr i setrra YRt fhd Whffols tettbrh he ichaels el the BiEglich

exchangefescripionof tidysrotic diketssed Borein. PThedieanéxchivgzep inihdes twio deadessed her ei n.
The heat exchanger includes two _hea%Ers E%‘]d one or nore cool ant fl ow
tubes i rand@nalor mormcqokant Hawdubes inieeraE WHBSRENSEPION OF THE DRAW NGS FI GURE 1

s a schematic view ofpfrBRSCRIPFRINGF PAEDRAMARGS N the vater.

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 5 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 invention, 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 apparatus shown in FIGURE 8;
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



15 Fl GUiRb ed3igza side view of an engine for a vessel haViPQQ‘/@soﬁBf‘s}Pi ece
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-®W4s a partial pictorial view of a
partially cut-away header and a portion of the coolant flow tubes of a
one- pi ece keel cooler according to the prior art; 20 FIGURE 5 is a
cross-sectional view of a portion of a keel cooler according to the prior
art, skpuwing the Ne@dies aNsmbRht watkr;t he cool ant flow tubes; FIGURE 6 is a
side, cross-sectional, partial view of a portion of one-piece keel cooler
accordi ng t FIGHRE Ris amicerial yirwwiakes! ¢nadetaccarditg pathe imfentible, cool ant | ow

t ubes; FI ' Letorial view of a porti.on of a.one-piece keel
.cool er accorglg}ljguz"t 34 ?Szeghibﬁségﬁcﬁ%axtvfe%?{ %vipf’ﬁ’oﬂd’rftai Lc%qur %Wg‘?‘,‘“quGJRE 8is
a pi ct ac¢aading it@heqirion ahchdeake arificefof theGlovk BEcoRR BBtwebh O RddB§Sanal @
one- pi ece keel cooler according to the invention; FIGURE 9 is a side view

of par theputerpesteogiant flow tabeeifFonsiruciediareording tethelimentionsi s a front vi ew of

t he appar at j JRE: 8. E : i ti,al. bottom vi ew of
t he appar at ﬁcs own ﬁs%cﬁsgj%oﬁ?l V’%%Iva%%%gageééicggfe{/ihgwngfe‘gr ortion of
a headeariaione ofl thegprifiwetsh forithy Aotvi of Rodlddt. betwddD tBd heabiar snd G oWieanb41624 - 10-

show ng t he ilow lines of anbient water; FIGURE 13 is a pictorial view of a
keel gplapt Bibg asgording ity an pspeelpfithsinventioGURE 14 is a cross- secti onal

vt but e GRE RLisR Saal AR B o MER R Yool sBERRECRInGfy bin oS The

out éOnstentdarnl ant fl ow tube, is constructed according to the invention;

FI GURE 15 i (g %rgg -sectional vi gw of, a Portion of a keel cool er, having
several varigV éflaflcyhaémwwe 2 Byrupp pf the deadep ghayyn wddGAIRE Mt ween t he

header and tHEURE €8 P2t picHAR FBl f{ﬁ’\%n}lﬁ’& &Qrcgm%eégg qggzﬁect of the

invention, FIGURE 16 1s ‘a pictori a% Vi ew og’sgﬁgwo pass &r system
accor dismgletpass pastiorisQa¢condimg foche inveEdRE 17 is a cut away view of a portion

of the head 1 n _Fl GURE, 16, ,
_ %Gﬁﬁ%% 1s a pictorial view of a keel cooler according to the invention, having

15 asingle pass portion and a double pass portion: and

FIGURE 20 is pictorial view of two double pass systems according to the

invention;
DESCRIPTION O THE PREFERRED EMBODIMENTS

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. 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

[£8]
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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 cooler 11. and



FI GURE 18,1 Lctorial view of a multiple systens conbi ned, having two
singl e pass portrons. according to the invention; FlGURE 1§CT’§’S‘<!P/1}F ori al
view 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
doubl e pass systens according to the invention; DESCRIPTI ON OF THE
PREFERRED EMBODI MENTS The fundanental conponents of a heat exchanger system
for a water going 20 vessel are shown in FIGURE 1. The system i ncludes a

{1 om heat oty 8 ABSDREE omd, BOdiR L el VY kA domlre v coal ea.

cool ant fttashet eatbuesgaded e the hall BPdsselour ce 1. Heat source | could be an
engi ne, a generator or other heat source faor the vessel. Heat exchanger 3

coul d be a oné kelseolgrbi accariing to the prer ansiiy shaven in HGURES) lbivsludes are 25
di " |
i Scusseq)plaﬁé)‘?'hgade}sh % A offfifE Phdoordbe of flrid] Scth Rl 1R cuctbP ©

cool ers exc cate ow t he
wat er bi mebeg 23 chavirgd mverioh eubes 25 ahd dvovatterior fubey (disensket) ®alow)r onpiihef hot

coolant is f t hr ough, t he | I's_of heat exchanger 3 and expelled
into the%%?é?se?? azeréb"roé' PCtVSQPE‘gt mtp @EJXR%“EOEKWO%‘Chéét %\9@% ar{de?8 haye npunt ed
on a vVesg@lindricar thidaabd t&ireL sk 7§3QOh§x?é nxfﬁgﬁg‘Stl ) pr%%ﬂas f ﬂx‘é”n%?flg om an

engi ne or” other heat source 13 to lent water. ows from
one of | H@@éerad%r_l lmve ra)gmemjlynmstmttcocdmuuctmolaad théhr eadsd 3WBY Br31273

PCT/ US00/ 41624 ack rqugh.the.other fl ow e fromke cogler 11 to
b ne_ 1 perpgadipuinc i B8 SR b Mhu B8 pperana e bt chubR Cof
vesselpy Areeited OREA o ér 2T SO¢HhBEed B hBERUR rdffarveésrehﬂréuahwm 'nBz{l}f*sGURE 3.

It includes a pair of headers 19, 21 at opposite ends of a set

par al | el 27 raadt28neqyuérak  harge gasiw@hm@ 07 edghthalve ©n2 3idehagainsy headees 19r21t ubes 25

and two exterjo tubes (di scussed bel o air of zzl es, 27 conduct
cool ane. FopRoyRly. BPEE e 3 8 et o Yedosh RUFE WG 38, 90y o)

t hreaded afé0d1§2)ftﬁéd)6§ 112%nsid of SRGuTN WinS&eBdoolet2 76k ihdiflle@HSa Wssdihgndnozzl es.
Headers 19 have a ?enerally prismatic construction, and their ends 34.

35 are mﬂt a)evashers 49y 4T it onaubber avasbers 3Bad®s Nuts A 43 which tpisely ared | ower
surf agss m%de tfr%gleﬁme?ai; 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 set of paralle] 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. Header 19 has an upper wall or roof

47. outer back wall 34. and a bottom wall or floor 48. Header 19 includes a series of

[N]
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fingers 52 which are inclined with respect to tubes 23. and define spaces 1o 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 composed of

30 fingers 52. End portions 55 of interior tubes 25 extend through surface 49. Interior

-

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

T



10 are %@@ﬁégﬂg Keel cooler 17 is connected to the hull of a vessel through
whi ch n 27 and 28 extend. Large gaskets 36. 37 ealRTANI4HRE side
agai nst headers 19. 21- respectively, and the other side engages the hul

of the vessel. Rubber washers 38, 3f,_are disposed on the inside of the
hul I when keel cooler 17 is installed on a vessel, and netal washers 40.
41 sit on rubber washers 38. 39. Nuts 42. 43. which typically are 15 made
frommetal conpatible with the nozzle. screw down on sets of threads 44. 45

t 29.. .30 to tighten.the gaskets_and rubber. washers agai nst the
1 GGl apBidg Giiee ST, Hac FRAIE o1 oS IAa i BERBNIL AT ans T 1 om
| eaks T SugpertidZREAin 8 p@?ﬂehhféh}aa‘fagﬁlﬁﬁn PRCthk %ac?)ér idIeFrnpE 8t keel

cool er accor |_n? to the prior "art and depicted in FIGJRE 3. I's shown. Keel
cool er engages a rgipiasesnpris pliter§8 emthegmdersidepdvall 491  heat conduction or cool ant

flow tubes 23..,and the header_ aqr ifald, 19. .Nozzl .27 ,js,connegled to
header 19 aina%eg%?cl:ug%lan%g?voeﬁnﬁ t@?ﬁ‘%qbeﬂﬂé RPRSPI- e B> VR HAect or 29
has shresdiSetddefts 16l @eQicabOethaney SkeeBool&l br header@ShiewedHh AR6riFdHtal42. N ppl e
31 of nozzle 27 is nor nal}lhésbrazed or wel ded inside of a connector 29

I

whi ch @rsidnags shawrin FIGRIRE S| Thipisdione realizing thet thessaumitsasuchas wheof 25 47,
: f | . He .19. i ncl ud
cor | es e off Rafer Boinglxdhs 22 b8 RBica vl S o8 1EREL G ieined 55 20"

def i ne tapfeesr ifoeridefhy Aull & daribds éther posRionor tubes 25. Referring also to
FI GURE 5. which shows keel cooler 17 and header 19 in cross section.
header 19 f Jrachextsring| sidfevalinofi headendd is wommrisedofven extgbor erputiesd of ' 30
finger rii o i 3 h h surface 49.
|t af] SetipyEl 6y et &P uiicn, % inafAR & plrkaE0ed i FISORE 4 THEBUS | Mious

sur f acaubel ektendgrtoSfeaidd 191/ HRIREPCEnYSCRoA1BGH sided 2f sufsideuabs wall i nsi de
orifice 57 through which nﬁzzl e 27 extends _and is_provided for helping

suppor t61ndosh gidesof integiop wall &a dreshoxyn isddlURN4 apd fhé sicudpsiorifige 68 ange 56
engage i : i l,. . 47 t he
di scusgilS gl?lé a %%Bgﬁgq p %’“giéﬁf“g%,é’gk‘%g étﬁ;&nsﬂ{égﬁ%%g?%&&}g\gﬁgrm& ptfjg\g\%lwar d', 5
“end" eboler d &famd i provided femdangiphmotmt flokwarl theomgh elie @utside adrring@sorvi ewed i n
a har.i zont posjition.as shown [n FIGURE 5. This is done realizing that

t hede Lﬂﬁ’i‘f’gl‘e@ﬁﬁié-a Wﬁe‘i‘fgargs’é%z 2 Inganesithgh b gn ydelsconduit derreprividBunt ed on

the sidgy @folhiGrotf R ngife whdie fIoNeH iRficated 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 10 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 flow through tubes 23.

and a disadvantageously high pressure drop as the coolant flows through the orifices.

and at higher rates through the less restricted inner tubes - even though the outermost
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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 correspondingly threaded and removable plug. The contents of keel cooler
17 can be removed through orifice 71.

Orifice 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 flow

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



the fore end of the hull. or various other positio h terior
si de wal | o?ﬁﬁggder 19 is conprised of an exterior or outggT"E%&$%%{angular
tube. one of which is indicated by nuneral 60 in FIGJRE 4. The outer tubes
extend into header 19. FI GURES 4 angdj$. show both sides of outside tube wal
61. Both sides of interior wall 65 are shown in FIGURE 4 and 5. A circular
orifice 69 is shown extending through interior wall 67 of the outside
rectangul ar tube of keel cooler 17. and is provided for carrying cool ant

eonr 0 AR RS BEARL b BB Tl Ml euhacin b oAb PR ifembA el S o

from t hghenpsisem wiestor mevé iablei odasayRdthey fullh@oar citmacteristict IthadRhep, but
al so could be an outlet conduit for receiving cool ed cool an%, f rolg1 header 19
for ci rverifiad ithmimpertanee of RropsEydocasing @ad siaing the; alt additigtBet hat in

the prigr . | Si L | dyd unt of
f1 ow Wni°8ﬁﬁé‘§§%“‘%‘g§fs“{e%%§%ﬁﬂzbg’ﬂgF’?‘?%?’eaggaﬁ'?‘{ k’/{%‘?t&ﬂ%grgstsi gﬁegréﬁf&%sﬁtgpor ifice
has h@r elo threughahe headenassdisduoseditieldw. is too snmall, and too far away from

the natural f] ath of the coo] ant. | t.i | educed fl ow t hrough
t he outgr re&tﬁ%&wg E%BEE{‘OH%LQHQFW@%S"%;‘%@% %Jﬁ’r‘bﬁﬂhbet%,fyﬁ%s Zgg
and a d'tﬁﬁ%ggegtbggéﬁuﬁlsx aH&%oP&@ﬁx%%ﬁn&fﬁﬂiq%aﬂél‘& caf BdHfidub A6 Hair ough t he

orifices. Igher rates through the Tess restricted inner tubes -
even t hded)lo taheunther exf ndisddvaitages | peevidualyeunrbeoggizeditbysthosehdésigning @nd r ansf er

heat. FIGURE 4 al so shows jhat keel. cool er, header. 19 hag a,.drai hage orifice
71 for W‘é‘lflé’igv‘?%beei CE’B?'FSesE'SﬁdP}GS'PVnS M%gﬂdéé?e?ﬁ'&‘;'fz‘é%&aﬁﬁeedlﬁcﬁlﬁ{' he o
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is separate a fairly Targe distance fromthe |ocation of orifice 69.
30 resuldsithe coolast beedmes dhantisally twbulthtoand isrforegd thuguh dhe cealantdow t he

reduction in flow being |argely.due to.the absence t he, ok i f] in the
nat ur al ‘PPwtp%&fﬁmsfﬁ?‘%ga%dﬁgaﬂ{d}"wo‘i?‘%‘i’%g iﬁ:‘fl %%49@54{}16-';0% Al t hough
this problfmnhas st drasdificersd lesgs dscagassedidtionam AoWyanthefust dfehdanvent or s
of the present invention were able to analyze the full f
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char act eransferred fromathetcgelant thequghiauger ttpkesioRsd keel foglesl 7p Witk respestd@ at i ng and.
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header agateh. 364 an@dished B&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 increases
20 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 other 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 on floor

48. This restricts the flow of ambient water to the heat exchange tubes of the keel
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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



Still reboiki?g to the prior art header 19 shown in Fl GUBepaikoonsfs24it can
be seen that outer back wall 34 and floor 48 are fornmed at right angles.
This configuration has led to a nunber of disadvantages, previously
unrecogni zed by t hose desi gni ng andi4working on keel coolers. First. by
havi ng wal | 34 perpendicular to the direction of 10 flow of the cool ant

t hrough the tubes. greater pressure drops occur inside of header 19 as the
cool ant becones chaotically turbulent and is forced through the cool ant

flow Gudestied of ambpiend wake?Vinfoathe svesepedndi (B tiy pedmishaan &@nsf#histheoupl ed
W th the poor Ilocation and size of orifice 69 |leads to a net reduction in
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cool er the vesshli is hattacitd Hyanedrns of>hoeesste. nipfies 531 kemd| conpamdre?d amd ® mmpple from
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nbi ent wat'er, he protrudi ng anode(s) rain plug(s)
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bei ng Mdw RithdRHE +3trichiSn Rb kheAvested Wethe 'ﬁo@nét%oﬂ%hoﬂf the vessel and
increasing the probability of damage by underlying structures. and adds to

the drag of Raftmingemszeio Biguies 6rrolleshe hrvcmgm hibe paeferred 8@bSiinent rsef erring
to FI GURES 3 skets 36. 37, are ro ed.for three e

o bosdowns Theretas e SndSaescr kil Gafler $00 FnRb 1R AES SBESEY bBEi on. (2
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water into the vessel, and ther permt heat transfer in the space
bet weerraoied) R82 having Iaa;enﬁr@BEsecmgu ahéfQ$é§<EFéﬂ0Hb>A beasier 204 iwandingegarlce of
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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 roofl 210. a beveled closed end portion 212 having an end
wall 214 transverse to (and preferably perpendicular to) upper wall 210 and a beveled.
bottom 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 2]4. 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 bottom
wall 216. lower wall 217 and end wall 214). Header 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 plugis) 223 which is connected to



t hrough that space. Gaskets 36.37 are generally nade froma polyneric

subst anceWOMBRMBy pi cal situations. gaskets 36. 37 are bet WBUSaMI62uart er
inch and three quarter inches thick. Keel cooler 17 is installed on a
vessel as expl ai ned above. The plunbégg from the vessel is attached by
means of hoses to nipple 31 and connector 29 and to nipple 32 and
connector 30. A cofferdam or sea chest (part of the vessel) at each end
(not shown) contains both the portion of the nozzle 27 and nut 42 directly
inside the hull. 10 Sea chests are provided to prevent the flow of anbient

wat er i n@panofe ipsese) 22§HﬁmFlalStMét ofihsader 294, @ arigde saopsting gerdwmgéd. or torn

away. wh t f th. | tIe t.riction
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11. | trd1e lrhmnoclieamsérln thhgnqntee;ﬂ?% aaditlmmmdt ?lrbaﬂh?veis)notSohwqgedh ffdtnﬁ t?égb?dt me ][lt

i ncl udes a keel cool er cQo ow tubes_(or hea r ansf er
fluid fl 8% F%&@fe Amjited ﬁcr)wn%ww% %Iéﬂéefgr S#‘qeu?fdclﬁaay bEomexeredhs nst ead
of cooke | E&“? section. A header 204
is an #n?&ecsﬁgxfoﬂ%gra?&doe?as ee 9?%40 %%r&wag{es%fg’;‘?| ncl ude interior or

i nner cool ant Gohmvlcmng)epecﬁﬁfallandut awayerFiﬂélRE)ﬂ ekeedr camlert 20@sin2des A nozzl e
27 havi n n| p 1 r.eaded on to 29, are the sa as those
descri be maéFU%ﬁﬁgag?’“’ét?‘df‘?Eeﬁ g&lcﬁ%‘{ PrasIgRgst “ﬁé a§$ aznggn@q; WAkl udes an
upper webhg @with Qffice 200 8f hﬁvcﬁh@rﬂao%i fved e deh ¢ eh@or Irderd Y pofts o end

wal | 214 transverse to (and preferably perpendicular to) upper 210 and

a bevel emterldxdub@rﬂ%me sho@n dygnumeralg 227. ehebesA06 joidheadar 2G4 thrmgh ng at a

Pengt R0 (IneinemiEreo BHEURE binthe SpapsiePam,of headkt 2 m oleegoating el |
214. An DI eEk@hoMﬁibEs 208 hdvel skdrEvmIR 28D, ﬁHn 315w§i’éh QFd 5150 e s%et whIIPSH

rectangul ar flow tube 208 has an orifice 22 0 (one per header for each tube
208) whi beades 284 ovA dgaskets2R. siilainte andbfprpibet samsr purposeant gaskenBhgisbet ween

t he changer of, hea 1 204 and outer flow tubes 208 (The chamber is defined
by upper s\?\%ﬁefloﬂfﬁo IQ i nclined surface or inner end or inlet end portion

229, bevel ed b@t ingSrtaney An 3f the provedt im@hlior? Is7thabéveled cheskd esdd pbriidieader 204

al so has an anode asse 30 222 (shown in FIGURE 6) for reducing

corr 0§63 oRIDf Eqvéleﬂe@pseelo@ldepomm&ié adthe heyeledobattanm wally 346,aprevisles aanode

o1 UO(S) 2Pk RaRURERAEE b VRSP LI BB HBREAIER4 S an anode

I nsert(s eade an Ehodes mun | Aig scrévx,( ) 242
a enhances the continuous flow of coolant either from heat conduction tubes 202 inio

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 'z inches in height and

Y2 inch in width. and the keel cooler is mounted on a vessel with a 2 knot speed. the

e ot



| ockwasyas 5312446 (FI GURE 11) and anode bar 228, which i (Eﬂ(] dpgmede of
zinc. The anode insert, the anode plug and the anode ba?l> av%ﬂ?’lr']oiy changed

fromthe prior art, but were omtted fromFigures 3 and 4 for the sake of
clarity. However, the 5 |ocation ofigt-he anode assenbly has changed as
expl ai ned bel ow. Considering specifically cut away FI GURE 7. keel cool er
200 includes rectangular tubes 202 with interior tubes 206 and outernost
tubes 208. and inner wall 218 (with orifice 220) of the outernost tubes.

The opeg,Radsfglv tdtRE Soutdr RDES Siaéx@ﬁsedi B%ez[bioﬁ{ Fsuh e el Qe BfiGwS by

nuneral s 227. Tubes 206 join header 204 t1hrough 10 1 nclined surface 229
( FI GUREc@Yespandihg hegpashange panditiars ysengithe ppiorart heahelsehanigedofitht Isam@16.
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I nvention is the bevel ed closed end portion 15 212. Bevél ed cl osed end
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advant ages,.;.o the keel cooler. .First,, bein d, as. shown.. i enhances
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tubes 202. where nozzle 27 is an inlet nozzle. Wien nozzle 27 is an inlet,

bevel ed coméspondigg unit of FEGYBESaY i DnAwicxplaingd baloyy. skt improwemen 29ertbes t o
direct the flow of tcggl gnt Jdnto ort)q]}_itc_e 220 %nd openi ngis 227a i..e. bevel ed
wal | 21874F P83 FREREI NPT FL $PEW &Y RO AR SEMSm o & fbropgd Jater

or i f ijgeshe?déFicididics rahe peist AASfor Bishet todlat fiews @ nbhadpetibficdaciethed end
portion 212 either distributes the coolant nore uniformy across inlets 227

to each sam¢ eXignidly hekeglicaelenaicarding Ifthedtvention.in interior wall 218 of
exterior tubeg.20f. q?@e%{}gﬁglg%ﬁgﬂ i&%ﬁg&gtlrpea?l'_o%(iﬁ.':ﬁéﬁ?eﬁlgl;inv%gﬁélan Into

1.
nozzl e 27 where nozz outle based codl ant flow

i n the didcessa®hbreinliasanphs dbdignatetl Asng(thate)] isﬁa}iplr?ﬁateﬂj' fi¥asued frombki on anong
all the tubes. which provides a | ower pressure drop across the entire

syst em Rapeqesendiculssin the dengdmdinabdirsgtion of peolewdlamtubes R arthlacatsds 202 and
coel 1808t BF MR drineloRarRlooril o HSaL RNl Bom B2 RS one. ar e
2 Vi i nehésor porlReRghif nebed 206.i. frofheridwall 814) 1o Bevtlddhealke®d. sagkedyisi S
mount ed d(g?cri%cggg ir? lexygrigp ar(;ig]ez. sl:nr::gtit isspe(.ax(tae?'i'or tloh Snmal? ]2/1<3l ]égg %e\l?e?;—é 83%241624
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 6 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 1o 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. to increase the heat transfer between the coolant inside the tubes and the outside

30 ambient water. lt will be recalled that under the prior art as shown in FIGURES 3 - 3.

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



-16 coolant flow to the outer tubes increased by about 35% over the flow
under cWO@IBNRdi ng heat exchange conditions using the pPCTFUSAN/16REAL
exchanger of the sane size (i.e. the nunbers of tubes and | engths of the
tubes) as shown in FIGURES 3 - 5, jch had poor flow distribution. In
addi tion, the heat transferred by the exterior 5 tubes increased by 45%
over the correspondi ng heat transfer under corresponding conditions using
the prior art keel cooler shown in FIGURES 3 - 5. The total heat transfer
of the entire systemincreased by about 17%in a particular instance over
the cortheambigol wejeteia sighificanterEnt went appundgaidigpihan hevasalapdoveribe -
i nprovenent _over I art is expected to be even greater for two pass
systens?qffgggggt g?@%ﬁégggllater, 10 the deficiencies of the prior.art for
hi gher cool ant if Idesimbleahet m@tinagzer the ndspch o 4 keel covler aig endre bhat he keel
cool er according to the invention, angl e of beveled wall 216 is an

) .. The an )
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furthest t f d 7 of 206..1.e. f
end war IFIGURES §and fL aBn0g Bt 225 3 sl p 805 222 s Bhaqnl 0 bveed wafer  or
angl e. sijBCEy ddodk Screwt 042 Mhich@exeind t%h{;b tRwaddrsrn6eingdn®ehbainsée! | 216:

it is nmeasured froma plane perpendicular to the |ongitudinal axes of the
fl ow t uldld. 28 denidsarod4 2dendsaframi wall 21alintndicadat 204l | This4leareasdsghbegi nni ng

of bevel ed. 20. bottom | 216. The,factors for determ ning angle,D are to

i il HePeot AN RPD sk Pine oo FEaT B wier REI ods AR 227 i nt af

the overgllid h@ndtdkenatd i8S 1kaet we@olier. to provide vertical drop beneath
head t

the roof of the header so that the header can hold the anode insert, to
keep the anodes abovemizhyst faearlyeikt FRGURES b0 andudil.ndtairy phey @d4d isatlso 214, and

to allow for,the maxi mym |l.engt f. heat. transf,er. t ubj d. t.h ssoci at ed
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si ze of \odted rCuingWdttolilt MiRE @hpbitahtlyhthedrii@rplé@aid bfodd locitedoglthe E) before

the orifice would affect it. Another inportant aspect to beveled wall 216
i s tHé rheweled sunfacgtiaye less intererenee Wb the wbisht watsT Hat attest (BGREand
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wat er . IHeadldr| lUnkder the@eibt &€l driia plugriiidrwdlie othetveise havte exserslbd fvom lowet GURES 3 -
> wall 217.
Referring to FIGURE 12. which shows a side view of kecl 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



verti calyg\gddiznd diverted the anbient water as the vessel
t her et hrough. so that WO 01/31273 PCTI USOQ 41624 - 17 the"‘gﬂﬁg‘g’g‘?‘%ter to

a significant extent went around rather than between and over the
separated rectangul ar tubes 27. It is-d8sirable not to increase the depth
of a keel cooler any nore than necessary. to nake it less likely to strike
debris in the water, and less likely to strike 5 underwater objects or the
ground beneath the vessel. i.e. the bottom For this reason, anode assenbly

222 i's prefiewatibes. " pidRbroKec RU6lE Acobidihg 2d the Ve shBwnfih ®IBERS and
11, anode bar 228 of anode assenbly 222 is attached to beveled wall 216,

by anode sk}ewkick4lusiratesha eeleenplerh2@)diavingcenpesingrheaders 204dlikentle anode

insert 22 j t l.l,_ 216 into header 204. This
decr eases %ﬁ%ﬁgw (r)7f é%é‘&gé%ggg%#;‘g %Qc%%rlgﬁn%gt%m?%eés g‘)r ﬁ’(ﬁ’?ei D under
whi ch anodia FIGRRID7y Heafed coblahtifitid floveydinnsiecthdzizied7 femaa heal dougde’in the shown
nost clearly in FIGJRES 10 and 11. drain plug 244 is also preferably
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on the 15 bevel ed sur ave I’ess Intferference mﬁ er
fl ow pat t eimtheRle@dRE While flowingvshrBgh Bealers 204)and édolantt Reved Iubdst 202 the ai n

pl ug insert ich i art of the, header. Under the prior  art. drain plug
244 woul d m%?ﬁaggzwﬁwfét wile ﬁa’i’&nﬁ MEHRT (MEPP Sﬁéﬁl"mﬁﬁgﬁﬁ oRthebevieled wall FI GURE
12. whi ch sfpisIPiciddecddigWod! keel cooler 200. arrows 20 B show the flow

pattern of anbient water across keel cooler 200 as the keel cooler noves
to the 13 ght thAsundéntioned abinesthe siat ef orifice 228 i8as impottinatparthef tiet mow

| mpi nges n.bevel ed |1 216. flows, arqynd fhe beveled wall. and., due to
the drop iKesheadend eﬁgé‘f’ﬂﬁ?fa?i‘?fcllf Relgsiz ‘F&bé‘“’f € grfcpe suficisatlydasge -

cool ant ! gyhdt imipede e ambithpof dddtisk flow /el heftogudiiondhibet Jsrapees the

transfer of heat fromt eat conduction tubes as conpar e o the prior
art shown keel EbaleRRE8d 30 implement b diatancad floweneef fiegurettreasfobeveletiandli 286 heat
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_ 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 placement 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 outermost coolant flow tube
much as was shown in FIGURE 5 (and corresponding 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



effici enc‘xl. 30 Keel coolers accordino to the invention are used as they
have beenP®BKE3prior art. and incorporate two headers VWPCTSew42624
connected by an array of parallel coolant WO 01/31273 PCT/ US00/ 41624 -18
fl ow tubes. A commopn keel cool er accordigg to the invention is shown in
FIGURE 13, which illustrates a keel cool er 200" havi ng opposi ng headers
204 like the one shown in FIGURE 7. The headers shown have the identical
nunbers to those shown in FIGURE 7. Heated coolant fluid flows into one

nozzle 27 frgm a heat soyrce in vessel, .then fl g rough one header
204, the co"?ﬂ‘l%ﬁﬁ q%@\??%%%de‘?b‘é’?ﬁ BﬁeﬁﬁPﬁ@Fg aﬂ%ﬁ&é‘fgeéﬁﬂ\,fﬁ? hgl 6‘!4%3‘:3 mFezle .
27, and t heoaR@t ABida8 UoWintd tH3\Water@bst cToBlalhhﬂoQ]ft es tSPErg{gx i& gghé tﬁﬁxevvﬁéée' -

Wil e flowi ng through headers 204 and cool ant ow tu cool ant

transfers Hegrotesd taue ofimozzle 27)vatdsr expldihedin theeprackding paragraph, theaisbefel ed

wal | 216 a keel c¢cool er 200 . As ti gned aboye,, t he.si ze of
or 11 ce o20He 27 et TR PrEseEe o ofdh oplarian balanPa he et pSaape
header. Ist dnforigesiheaRbRint BoWoiBes, MusOintrehdify BeatStinkies if6NtHeYkeePE&er (@ NOt
i npede the anount of coolant flow to exterior heat conduction tubes 208 of

the keel cuherdeat exebanger)i npl enent a bal anced flow near the juncture of
bevel ed wal | 216, and [ | nt eri.or rkace.229 and.ports.227.. |t has
been found t hat '35ﬁP%Fé\gaig;ag?Ei@aﬁgg%ﬂ?O%Péﬁbﬁ?aawgylﬁ%?flﬁ%etw&g ab?hiaﬂef?é 220
and wal | s agjlageas pbdsiblé WHRE mAddning ke bifi® inQfs wAl withi theheddePprovidest wal |
216, wall 217 and surface 229, as shown in FIGJURE 6) be provided for

manuf act ur ithedesited caplant Bow iintojtke eutermashivbgs wWhile ehatiling thie propemaroountyf done

by drilljisngyQr .cutting orifice 2 i3t 0 |1 218.. 1t is.inmportan hat the
cool ant 10 U P e e cibes; o B, OUOR R r8 Siicp seb OPe R ek s,
rat her tharshewase FIGURENES, ivhefall @0thd Meenibiess Bdveahd simie fiimérical Hesigritorgr i f i ce
220 and roof 210 is not as crucial. The proper size and placenent of

orifi ce 22chowndn FEGURES & hE2, greept thabsamehavsra pritac Codasignatiomsinegangladir e

syst em of oql O D |+ hLple. tubes, and
t hus incré‘%glgg&}%éag gee‘g‘t% Or ’a‘%él? gﬁ?%&%ﬁ@#ﬁ‘éﬁou éP E{kﬁ%@agzggtlﬁg}oé%&e t he
entire uni tthanwall € 16hadethd configmitionnslewaltiR$8' Uis ibeen hivodifiddefremnenialk 28,

cooler, the size and 25 location of the orifice to the outernpst tubes in

a one- pi KcOREe 220w beenreplspen Pigicrifioes 239" and 2205 Aleuihe papdeiasionitly 3 - 5
I's significaptly drﬁﬁBrpreﬂav%Gé‘eQﬁ fHo¥8d tPa 1NEerWAP 1Y 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

orifices are relatively 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 importance 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 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

Hh i



i nvent iwo.01BifRE 14 shows a keel cooler header and an oy\-ghiSeghi1e2s0! ant

fl ow tube nuch as was shown in FIGURE 5 (and correspondl ng parts have
corresponding nunbers), except that orifice 69 has been replaced by
orifice 221. Orifice 221 has 30 been T¥ed closer to the openings of the

i nner cool ant fl ow tubes, has been noved |ower, and its size has been

I ncreased significantly, so that it is as |arge as possible WO 01/31273
PCTI USOQ 41624 -19 within the area permitted on wall 67. Rel ocated and

enl ar ged andﬁﬁopp&i’té headd?|368. Huader 306cha32h ihletihozzleo3 10 avd ambatléthzelgt er nost

| t fl f t if th t d t of |
SO s ealbhih e b anskst 31 SAREHE)H BBoged o8 0P 336 a1 <
reduces tBgadak 86UTH GEHEP he%de& heg ﬁQ@h@%zﬁ&dbﬁﬁl Eﬁg?ﬁs S&%HMQ& ppfol ant 5

anmongst the cool ant low tu t hus 1 ncreasing transfe or the keel
cool er (omsseotblies 3ﬂ§,a82(b>fcmamg'ec§mg A portionodfi thal keehicoealer vittichaschiesn f ound

t hat i f I bl e whil
it i 51 Eade 3081t thedBul' G Ane Segief!| T b coolie SELthe SneRe T RReraH T dos 1 e
cool ant  f lywésadl Renkdi® nOEAIE B IO RS sﬁ&bﬁ'ay%bbﬁce&?dome%oléaeco%mﬁ%mg{;gg“})eof

10 flow into the inner tubes as well More than one orifice can
provi ded, thesengitofvomi hﬁaﬁtﬁjmhl@lghvmtan@zﬂe 312 shoevm’eyrtimrmdm@ Oersane

o (- S B o s kB et 0% Ja gGUIGES In ek M b RAEREST,”
| ar ger t haBrmesohdidg4o dﬁﬁvdél 220 Wikdts 2d8lant Tt Bstel $22 aﬁ@effbxﬂvaﬁﬁe 336 gpd the

configuration of wall 218" has been nodified fromwall . 15 Oifice 220
has bedf dditionecaituby 3R0usenyes 49 & sspaprey tuhmﬂ)rzzb%nngl iglet co¢ientaﬁmdé1ea¢asrenbl y

Tubes. 202 J08ky Bealie A8 Borl o B 5 (AW o Bvsivine saans dbcieramoior e

orifice h%eb%hrﬁlépni?h%?es&ﬁ}@ fim BPAR of he4de} 306 &Y dibhisest be?anoc ‘suﬁnargy' ar
orifices are relative easy to provi de. However, non-circular orifices are

al so wi t hiartubg32¢ h’élldtéﬁpﬁledﬁtUMQCDWehtuberfor aartying ceolguthfrom header 208 coul d
i ze and Toodran ot Fp¥ e this ofner advant hges as wel I So far,
only silsgl e pagrlkpfle 1GRiRAtRINs DY atREDI dRideations oaictiRRY (asThéted raB&l'eSmS
with the size and location of the orifice to the outside tubes may be
magni f i ed ifigmecessary to remove the inner wall or a section of the inner tube instead of one or
the other of the orifices. Other times, a separator plate is used and the standard angle
interior tubes are used instead of separator tubes.
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 wvessel. 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



25 multip systens and for nmultiple systens conbi ned, as expl ai ned
bel ow. Inhﬁagﬁﬁggss systens, the inlet and outlet nozzles BFEUSBU/4624 sposed
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
(wmth no nozzles), and then back through a second set of tubes at a | ower
pressure - and finally out fromthe header via an outlet nozzle. 30
Referring to FIGURE 16 and 17, a two pass keel cooler 300 according to the
i nvention _is sho Keel co?Ier 0 has two sets of coolant flow tubes

302, 304,substaptiah @dditignal\afedy fasior Ahetss: insetslen ishave twappass Gysiems gBiosi t e

header 30fe pibR4SH GRS AMAhE b BE acth t 312,
whi ch exteﬁ throug%garggs;lie. 314§.} Gasket (s g‘fﬂgﬁgépgg&a?gﬁlgf%gfééﬁ 316 of
header 30boseTiequiptdhpurstad de the3pi@sena snveation 2@ lpesviddstfficizhhheat leashamge or two
stud bol t ssenblies 318, 320 for copnecting the porti.on of the keel

ool er wHPERCH [ FHgEe Bt 2samnt OF Bl R Kicodk WRsSiempig ot

cool ants f,ﬁgmatmc@ﬂgm@%r@gmggwsator of the vessel enters nozzle 310 as
shown by arrow C, ‘and the cool ed coolant returns to the engine from header

306 t hrough oukhedtechenol¢resystem shiowwwin FWGURE Hr has® flowQubesr Howdres, the2, 324
are |ike  outer tuges 20 d'%n Fl GURE%SF 8 and 11 bn ‘th@’ orific

cor r esportdPHEST SYSEFT (VREC D5 GPRTOPEAESIOF 8RY SHE PHPRCT: QfpWbes Sseaelrlly 0 t ube
324. In }Rosadbolé Bl titbeb.UlTRerd%fe BREMAI 1R8] SoctaD RaAhE as i & @4 glpds. vering
inlet coolant from header 306 to header 308, and it has an orifice (not
shown) f &t ileiscpaspibly aesording 19 dhe pisprt Apysntion (fpe tieommbrtcrf bghtpbessur e
fromaap d 6 ' e b | arl a tube 7 whi ch
<t a0 dhiredted 8680 Rl T o BT BE KRBl STt an BB 1P a0
has an orthdé namba28f passbeRd@ren366th rdzzked fars prard|ihnthé dhmeeaddr. aAFxped! y

consi derations, sonetines_ (as noted above) it is necessary to renove the
i nner walnumber of passesiipan edd pyBbsrythere 18 opRenezzlelecaiedin egpl header.t he ot her of

the orifices. | : .l | S: the. standard angl e
I nterior tubesfxq a??tgerrt?%%%???\g}%ggﬁg@ﬁgg{glg?é?%@wrﬁg‘@%ﬁ8‘0‘6’@'@?9@63 has one
set of caomahipld bysrerhsberabiae® keelr covder rwhioly hho heagfbrniot B@n fpraviiclgpder 306

to header 3Q8, where the direction of coolant flowjs turned 180 by header’
308, dgd PPP%blEO\mﬂaﬁpe@aﬁceﬂcfelaC%%nME Te, $YStesmo gombineq Gan metwsedifay the

partiall %P?l‘i\'lg?k\ﬁ o‘x:%élr@rﬁeatb?tﬁ}fcetsps&ﬂa&%oe‘%ativ-gﬂp%al?%ﬁéiﬂ@st oF' 3G 9h

pressure owWs t hroug
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 far 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 outer 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 respect to the direction of
flow in them. or one could be an inlet and the other could be an outiet 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



t ubes 3%%93593header 306 to header 308, and the cool ant then returns

t hrough tubes 304, and subsequently through nozzle 312 tRCHURVEHI#ne or
ot her heat source of the 25 vessel. Walls 334 and 336 (shown in FIGURE 17)
of tubes 326 and 327 in header 306 amrg-solid, and act as separators to
prevent the m xing of the hot coolant going into coolant flow tubes 302,
and the cool ed coolant flowing fromtubes 304. There is a fairly uniform
rate of flow through the tubes in both directions. Such efficient systens
have beensdmalilrembe 458 Ha08WGes WBLEs2 he" PGS 419 FRSUT ©
drop acrogs al | §0 si X %H;)r as rratlrlliggsgs %/\gﬁﬁeg&bg breeaefelns Izgl;e I4;;Hca8§sﬁ éred)
orifices ewmmenting pithoutdrdabe 40mandtesmimting weflf sepiratir tabeed26) Phowvallool ant
di stributi to 0 ted.withqut a WO Q1/31273 PCTI USOQ 41624 -21
-subst ant i gf&egﬁﬁf”?f Sﬂ‘gﬁi@&‘#&“{i&a@s@ " (aEn pler pg sgi ofnd extend, betwgen pass
Systens, {heleddl walleof Redlefs 403Und 0! ThesWAIR Thud Rt \GstelDsoparatordWidRgement s
are up to 20%Iar%gr than those required pursuant to the presént I nvention
to provi deresentithe flomt ofeoplans actess these walls agcethat ther tubes/ 420 Fern, éneffeetd anount

of heat f I whi | ttempting to 5 I ntai n acceptabl e
pressure r%qﬁ%eT%?ﬁlggfggﬁu%egélzgﬁ%We e§ﬁd’vﬁc?’?‘p E?%P@eﬁéa?%&gﬁft{‘ﬂw t ubes.
Hovever, tespectivethepdss). SKeélefool Uod ey BeRI€APEIbdCerld porfiBys 9¥§ a3y gber  of
tubes, especially for _those above two tubes. There are presently keel

cool ers héisryssechearkiennyThis tepe efikssk coolprcan be morgesomiical abanohalingtwe t he

present i ' f . r .of tubes.to he 10.i.ncreased, even further.
These can ii st(t)é ggelkcgé‘e}%&[{zg?g&ﬁﬂgﬁ %V’@sﬁfa qwﬁq%‘a%%é‘g? ?’F?der%ﬁéﬂlﬁﬁnber of
passes10 sthaudour. IMalipleddez] esolés eant BE 86:8Binkd it P&ick8 TBmBRARSHS. Tlﬁ]er% R& number
of passes is an odd nunber, there is one nozzle |ocated I n eac eader .

Anot her aB8HE¥Q OlgnoRerRRe PasssRtems @y shewwon FIGWREBUAS. i n FI GURE 18, which shows

a nultiple sys I ned Ler I ch has, her et of or t been
practical ly 1?%;%50%? ﬁ e&\%i ?Iﬁrgglr?egg@g}g y V\gyesfenéso d.pRe Oopffiqre P}gﬁgﬁf%m
combi ned syteniseinusmbirfation ashowrgin FIGURE 19! ¢n FEGURENY, 6 &8el cvidfer 506 i WO

relatively small engines or an after coqler _and a gear box in a single
vessel . A%(‘ERW}E% ha‘(’ﬁg ARl pAssHreel perlpr portion S0Rmandim g@lﬂdmassvb:ek eedlexool er

syste ul I+ ana . ndi_n t he
o Fuat | onPRGR S8 Mot boB sk if 30 AiRuEEs A iar SRR, Wb b,
.s¥st ens t BIGIORBS 6F b, ambkeel ebblier péxtion tS0Afuridieys sPMbrddianBedORRR rdfirehfle Ppast .
Thus. FI GU
us toRFI&SREgOY\éS agd 17. FIGURE 19 shows a double pass system for one 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 concems.

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
fluid into or out of the keel cooler; for example, in flange mounted keel coolers, there
are one or more conduits such as pipes extending from the hull and from the keel
cooler having end flanges for connection together to establish a heat transfer fluid flow

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

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



mul tiple upé@iBakeel cooler 400. Keel cooler 400 has a set of heat
conducting or coolant flow tubes 402 having outer tubes 48 TAS0/4463  \whi ch
have orifices at their respective inner walls which are simlar in size
and position to those shown in the p5 viously described enbodi nents of the
invention. For two single pass. nultiple 25 systens conbi ned, 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 coul d be reversed mLtU respect. to the

di rect i orfn¥ntion 1 ipdepe “%B'n?f F UHFOIIPEF oD USFC fh)p ef

an out | etcoBRAZPRNbAg dydRm.r espective headers. The direction of the cool ant
fl ow t hrough the nozzl'es are shown 30 respectively by arrows E. F. G and H.
A set of tubesThe2invensioncbasdbesni degcribrsl with panicularereferencel tosthe yreferrdd 418
commence W,t h.outer, tu 40 nd . t.ermpate w.th WO 01/31273 PCT/ USOQ0/ 41624
o separHEsRimiE tarseht BicH SR80 ! (RtBGod ol weaene 4 e RN, 21 o
414 and 4ilichin tB& BPIEINahd Gcodel dT thblliVentiol tna06ccanh tHossskidlkd 1R thd &t tepar at or
tube 426. The walls  of tubes 422 and 426 which are adjacent to each ot her
are sol i Whighthednyeatignpetaiden the end wal s of headers 408 and 410. These
wal |l s thus formsystem separators, which 5 prevent the flow of cool ant
across these walls, so that the tubes 420 form in effect, one keel

cooler, and tubes 424 form in effect, a second keel cooler (along with
their respective headers). Keel cooler 400 has bevel ed cl osed end portions
428, 430 as discussed earlier. This type of keel cooler can be nore
econom cal than having two separate keel coolers, since there is a savings
by only requiring two headers, rather 10 than four. Miltiple keel coolers
can be conbined in various conbi nations. There can be two or nore one pass
systens as shown in FIGURE 18. There can be one or nore single pass systens
and one or nore double pass systens in conbination as shown in FI GURE 19.
In FIGURE 19, a keel cooler 500 is depicted having a single pass keel
cool er portion 502, and a doubl e pass keel cooler 15 portion 504. Keel

cool er portion 502 functions as that described with reference to FlIGJRES
6-11, and keel cooler portion 504 functions as that described with
reference to FIGURES 16 and 17. FI GURE 19 shows a doubl e pass system for
one heat exchanger, and additional double pass systens could be added as
wel | .

Reoler Rthe coul d be



FI GURE ¢/ ét}%gs a keel cooler 600 having 2 doubl e pass keel cool er
portions 9 2, 604, which can be identical or have di PCIfE/463baciti es.
They each function as described above with respect to FIGURES 16 and 17.
Mul tiple coolers conbined is a powerfs4.feature not found in prior

one-pi ece keel coolers. The nodification of the special separator/tube
desi gn inproves heat transfer and flow distribution while mnimzing
pressure drop concerns. 25 The keel coolers described above show nozzl es
for transtgplingahgatst ransfer fluid into or out of the keel cooler.
However, there are other neans for transferring fluid into or out of the

keel cooler; fdr exathéesier for afHearugehanper) heihdat ekchangdrdasingtaitilityéfe one or
nore conduits such as pipes extending fromthe hull and fromthe keel

cool er hayaflcEfbes h@i&ggegeném%funﬁai%mdr%fbsg S&RRE thd ﬁb%ﬁ@ﬁdﬁﬁ;ae PGt

transfer fluid flow 30 path. y a gasket 1's Interpose ween the

fl anges. : | he keel oler to the
con . o SRS el e e AR B R 8802,
i nventi@n.is independent .0 e connection used to join e kee
cool er ?o_' ét‘rﬂigég’ia‘élﬁgcﬁ?lﬁmﬂ°ﬁt§’ ?ﬁﬁ‘?ﬁiﬂeﬂ?@rfsﬁﬂﬁen_ﬂ on has been descri bed
with particular reference to the preferred enbodinents thereof, but it
shoul d be under st oocRtupRer valt hawingan enchpprtionlidpposing sids poBionstdm innethe spiri t
and scope of the invention may occur to those skilled in the art to which

the invention pertieiasl anifledditit dpeniRg Torpeatdibmheé flowldt codlat bétsvesh ai ned
is: 1. A header for a heat exchanger, the heat exchanger having a plurality

of parallel tugslebarietandeii@heldeyt rect angul ar cross sections, the tubes
including a pair of outernost tubes and at |east one inner tube |ocated

bet ween the outerno i ubes havi ng cogl ant ports, said
header conpri sing: Zdtnb&u%gg?,al\}vg%ﬁngg}\l/?%ﬁ%lhgg’noz)pﬁglpé F%ﬁ po WBgfl&@nsi de
porti ong, an i nner I\%gtort,i on and an inlet/outlet opening for permtting the
f1 ow of “cool ant™HEREE: an inlet/outlet and said header;

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

said bottom wall;
an inclined 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
15 tubes to said header; and
side walls extending between the side portions of said upper wall and
said lower wall, said side walls being extensions of the outermost tubes 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
20 inclined surface forming a header chamber;
said inner walls of said side walls each having orifice means for
permitting the flow of coolant between said header chamber and the respective
outermost tube, said orifice means being disposed at least partly over said

inclined surface and at least partly beneath said inlet/outlet opening.

Iy



a bottom wah hi433¥3 N9 an end portion, opposing side portions and an 10
i nner portion; an end wall interconnecting the end porti onPCHUSIAMIE2apper

wal | and of said bottomwall; an inclined surface extending between the
i nner portions of said bottom wall agg sai d upper wall, and including the
open end(s) of the at |east one inner“’15 tubes to said header; and side

wal | s extendi ng between the side portions of said upper wall and said

| ower wall, said side walls being extensions of the outernost tubes of the
heat exchanger, and including an outernost wall and an inner wall; the

i nner wal | s of 2sai dAdiedderigtdrdingip plaimiewhereinsaidaifice means bas anedrea and 20
inclined surface formng a header chanber; said inner walls of said side
wal | s eackubtismautially oviafge @ae tedargsstfcinculaperifice whichy carhise prlaoticatly ppovdtiedat bet ween
sai d header chanber and the respective outernost tube, said orifice neans

bei ng di spRIsEtiah of 8A8 brilaé inkdnsover said inclined surface and at | east
partly beneath said inlet/outlet opening. TILIELLEELEEEEEEEEIEtiil~iiii!t C

L MWD 01/3127g PCTAY9844L Grding 16 Blafm 1% éﬂ%ﬁid%‘fﬂ&)&/ @geggf fs% Gicaldn |

wherein said ofifice neans Ea n area substantia arge as the
| argest _cirgular orifice which can be practically provided at the |ocation
of sai & oP$%e neans. 3. A header according to claim| wherein said
orifice neans is a circular 5 orifice. 4. A header  according to claim!l
wherei n sai d ofi fi cA headeracrerdingde gleimiltwhergin spidiorifice seaps isg plusalitr
according to claiml wherein said orifice nmeans covers substantially the
entire inoforiftees] which would contribute in formng said header 10
chanmber. 6. A header according to claiml wherein said orifice means has
any shape 5. A header according to claim 1 wherein said orifice means covers
substantially the entire inner wall which would contribute in forming said header
10 chamber.
6. A header according to claim 1 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 | wherein said upper wall lies generally in
a plane, said bottom wall is beveled with respect to said upper wall, and said bottom
15 wall extends from a junction of the lower portion of said inclined surface and the
lower portion of said end wall; and
wherein said orifice means is located above the junction of the lower
portion of said inclined surface and said bottom wall.
8. A header according to claim 7 wherein said orifice means is a circular
20 orifice generally tangent to said bottom wall.
9. A header according to claim 7 wherein said orifice means is a circular

orifice whose size is the maximum size practically possible on said inner wall in said

header chamber.



suf fici wigdysiAarge to cause no nore than mninmal restri ctqu}zggo /4k' uid now.
7. A header according to claiml| wherein said upper wall 7l ae ally in

a plane, said bottomwall is beveled with respect to said upper wall, and
said bottom 15 wall extends froma ju2fction of the |ower portion of said

i nclined surface and the |ower portion of said end wall; and wherein said
orifice neans is |ocated above the junction of the lower portion of said
inclined surface and said bottomwall. 8. A header according to claim?7
wherein sai d onif i Ces HEwlefadcdrding td laihd? whéfkisdid bhfici@BRsAk hify Sipgent to
said bottomwall. 9. A header according to claim7 wherein said orifice
means is @ufch oi&s L Z:Be: 1 St i mum si ze practically
possi bl e 6N ity Hirge 8 dvoid SghfiRad: Bufibudrbuo'difa BB, ™M B 7P PRSI
STErErrrrrrrrr, Wo 014 31273 PG/ US0Q/.4162 - 26 10 . A header according to
claim7 whereifsai déé?qdﬂ %cém%%@ "fqgmb ;V/V%Wérbéepﬂ?ﬁﬂ %‘P@%eﬁa}vf Parge to
avoid significant restriction to fluid flow 11. A header according to
claim1 widFga crf’ﬁ%seﬁ%\?%??@?’ Q@b@erﬁé\ﬁé‘dﬁ}%@ﬂ@ﬁhﬁ %%%O%d%qsbh% ar ea,
and wherein said orifice nmeans has an area of at least 1 %2 5 tinmes the

i nt ernaf dimpsdheinternarendss secsionak aremefeach of the parallel tubks.t ubes. 12. A header
according to claiml wherein the side walls having said orifice neans have

an internal crd2s sexhegiephccarding toxdldimVh whetein Gisfieavdlfsitaoingaaids has an
area of at least 1 %2 tines said internal cross sectional area. 13. A

header ac ' | P e i r i fd 10 is
Dottt cortey BibehOhflenThitnal B8k R bAA affar e SR A SRR, 10 1

to claim? f her. i,ncl udi n_anode assenbl | ocated on said bevel ed
bot t om vvalaflgpe%?.ﬁﬁ%gtaldégl e@@&ﬁgpﬁé’lﬁ(‘imﬁ §‘7°§1°’_‘L§b aﬁ%er ein said anode assenbly
has an anode bar Iocgt ed on the exterior side of said bottomplate, and
sai d anode bar ‘does ‘hB¢adenaccardingtp glaiph hhywhesein e aregsf said orifice means

10 is about twice the area of each of the parallel tubes.
14. A header according to claim 7 and further including an anode assembly
located on said beveled bottom wall.
15. A header according to claim 14 wherein said anode assembly has an
an§de' bar located on the exterior side of said bottom plate, and said anode bar does not
15 | extend beyond said end wall.
16. A header according to claim 7 wherein said header includes a drain
- assembly including a drain hole in the beveled bottom wall and a drain plug locatable
in said drain hole, said drain plug extending outwardly from the beveled bottom wall.
17. A header according to claim 16 wherein said drain plug does not extend
20 below the junction of said inclined surface and said bottom wall.
18. A header according to claim 1 wherein said inlet/outlet opening is an
opening 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

L



16. A he Q)Bgﬁgrding to claim7 wherein said header includes a drain
assenbly G g a drain hole in the bevel ed bottom wal | PGHESW/44624i n pl ug
| ocatable in said drain hole, said drain plug extending outwardly fromthe
bevel ed bottomwall. 17. A header aceerding to claim 16 wherein said drain
pl ug does not extend 20 below the junction of said inclined surface and
said bottomwall. 18. A header according to claiml wherein said
inlet/outlet opening is an opening connectable to a nozzle, and the

inlet/ou ' I . header for a heat,.exchanger, .the heat
exchangeéérﬂk\lnh?\ogegggﬁﬁéggqef%]@ rg:ﬁaing%ﬁ?rl Grpss $99HPR3, SAjd heager cloﬂmrismg: 1111 S WO
01/ 31273 PCT/ US00/ 41624 ;ﬂgz@gar al |l el tupes having.generally rectangul ar
cross sections, sat&nFERl RpPer syallhaving anend partion, gPRAsIE Sidfer wal |
having an end portion, opposing side ortions, an inner portion and an

i nl et/ outl et RFEeRsHEN inner partien and agindetioufletnpening forparmitting thevfiewm ofin
inlet/outlet and said header; 5 a bottomwall having an end portion,
opposi ng si decoptant betm@em anl irdet/outlarrd spirieader; sai d bottom wal | bei ng
bevel ed with respect to said upper wall; an end wall interconnecting the

end pgrtions of sadgotwwallq@{,ing_qﬂ@nggbﬁionp(ggﬁog%\g@@pbmsiaﬂgL,j,ned surface
ext endi ng between the inner portions of said bottom "10 wall and said upper

vy 1 sald | nheRticH SaSRnBROYfb it BARRIR s {BM uBRPwafl [he

plurality of tu to 'sal ncli1ne
wal | neeting at a junctiagn,  side | I.s exiendin etween the side, portions
of said upper wal Iéna w@&“&“ﬁ’%&%&}ﬁ? ﬁrb(t?oxgﬂ%sgﬁfga’éi YPPSY Walglaﬁéjsaé‘;(t endi ng
t hrough said bevel ed bottomwall. 20. A header according to claim19
wher ei n sai d it@mwalliug does not extend bel ow the junction of said bottom
wal | and said inclined surface. 21. A header according to claim 19 wherein
said inlet/outlet ampedineg susfacrextapery beywemrthe nmabpartibns of sanzlidteom and t he
inlet/outlet is a nozzle. '
10 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 surface; and
15 a drain plug extending through said beveled bottom wall.
20. A header according to claim 19 wherein said drain plug does not extend
below the junction of said bottom wall and said inclined surface.
21. A header according to claim 19 wherein said inlet/outlet opening is an
opening connectable to a nozzle, and the inlet/outlet is a nozzle.
20 22. A one-piece heat exchanger comprising: -
a plurality of coolant flow tubes extending in a longitudinal direction

for carrying coolant fluid from a heat source for transferring heat from the

coolant fluid to a fluid heat sink and for returning the cooled coolant fluid back
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20 22. woa@ipiece heat exchanger conprising: a pluralit t flow
tubes extending in a longitudinal direction for carryi né’@&gﬁ&ﬁb&& ui d

froma heat source for transferring heat fromthe coolant fluid to a fluid
heat sink and for returning the coopged coolant fluid back 11111111111111
lUJl 1l 11 1111 WO 01/ 31273 PCT/ USO0/ 41624 -28 to the heat source, said
cool ant 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 coRgeflifg: Rr@aidd EaAkaTHov hf?)% Iggﬁg@gﬁ%% @ﬁegﬁﬁf&t&%x%ﬂ_ ends of

said tubes, 5 said header having an i or receiving
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‘transverse to the longitudinal direction of said coolant flow tubes, an
upper wal | Wg}ﬁrr@dan opening for the flow of coolant into or out of said
header, and side walls conprising extensions of said exterior side tubes,
each ofa heafer comnegterbtargdid soolant fleiv tgbesrat saidevetro§ bpewathdsaofcsaihtubesier wal | |

sai di r ving.orifice .neans far.the fl of cool ant between said
he_adgr @gﬁdh e\gg%:ljdl_1 Jé’)@fge?r?brﬁett TP O&IOW% TeiFeeXing cqoﬁﬁ?g\rﬁ%laf&% %ar‘u"eé’}‘ﬁensi on,
sai d orcoblaie tdshidgcablan ot tabes! @acighPadid |opeRVéids,Sal dodel! &ld pORionPOr tion
and at |east partly beneath said openi ngi. R *C~M

opposite said inlet end portion transverse to the longitudinal direction of said coolant

flow tubes. an upper wall having an opening for the flow of coolant intc or out of said

header. and side walls comprising extensions of said exterior side tubes. each of said

10 side walls including an outermost wall and an inner wall, said inner wall having orifice
means for the flow of coolant between said header and said exterior tube of which said

inner wall is an extension, said orifice being disposed at least partly over said inlet end

portion and at least partly beneath said opening.
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