10 Decenber 2004 FLU D COCLI NG SYSTEM Field of the Invention This invention
relates to the cooling of gases and/or liquids in a heat exchanger forned
to provide a pressure difference between the cooling arf@&eesmbentdffeat
exchanger and the input area to the cooling area and to exhaust-driven
cool ing systenms. Background Fuiihe€ 0OYENG 9vsTRa1cool ing of fluids is
desirable in many applications. Internal conbustion engines run nore

ef ficient Ipjelh bt fiRi@ddnyigh Y hi gh tenperature fuel is cool ed before being
introduced Tnto the conbustion chanber. Advantageously, emn ssions are
reduced and fuel usage is reduced. Hydraulic systens function better with
cool er hydr auirh irfvbidiofl reldedslto 18 RS dIiGELS é&&sﬁyﬁérﬁﬁﬁidgfl}%&em%& ef %%édvtﬁ when
the oil is cooled. This is true in transm ssions and other parts of a power
train as PiRde a gessyusdifferracq hepweemtie coalipg areaafithsrhedsfexchangenayid the. inpStarertoy of t he
I nvent i 0“tﬂeréo@lﬁxgWe&'ﬁi&@@e%&shdr%ﬁc&ﬁ%&te;ﬁi the present invention, there is
provided a fluid cooling systemconprising a heat exchanger having at

| east one inlet port and one outlet port for a cooling nediumand at | east

one inl et BARkdroRhflofMRE AVELEiEE POrt for a nediumto be cooled, the inlet
port for e coolrng nediumincluding a venturi opening, and a second
venturi having an inlet coupled to the cooling nmediumoutlet port. In

accordance Wi ik @olfGLMHdsISREFable & m&bﬁpﬁ?&%ﬁ‘éﬁt&rﬁv&ﬂ%&sﬂ& engin&rnﬁrl e PT OVi ded

a fluid cooling ?/stem_corrprl sing a”heat exchanger having~at |east one
i nl et por eifigRElydtelatigt) high tymneraturegpel 4 copledbbeforg baveintendiiced intathe tadbustiomne i nl et

port and @Rfnber hkiin %gxy,fe&ﬁss@nmemaQldt%@elﬁsqgéﬁiﬂed &fje inlet port for the
cool ing nmediumincluding a venturi opening, and a 1 ow passage coupled from

the cooling Hegrtissstpmsdenchen bettergvigvropler btdrantic Buid Qiblubkratigeyysterare
accor danc gy dietite Whin'thk @SP&BIed Ahistid¥Rrek @ﬁ@;ﬂ&siblﬂ\éﬁd%ﬂhéggartsto??gﬁe& Raifp" OVi ded

a fluid cooling_ systemconprising a heat exchanger ing a east one

i nl et por & WS s diedrierna fubfestion pigh engineool i ng  nedi um and at | east one inl et
port and one outlet port for a nediumto be cooled, the inlet port for the
cooling nediumincluding a venturi opening, and a flow passage coupled from
t he cool i B2 £ Aport to an inlet of a turbocharger. In
accordance with a fourth aspect of the present invention, there is provided
in conbination with a diesel en(%i ne, a diesel fuel cooling system
conpri sing a Reltordpensifgie Rt Hgheapreseptdaentionn theteris arovigesk & feifiqoding out | et
Egl’t nLor gygfézi%ﬂnﬂ%hﬁﬁdlbéi BxARFerdHavih R Hast ORCinleNpdRland® el oA YorP R a Qb -1 10
cenoer
meg)ium and at least one inlet port and one outlet port for a medium to be cooled, the inlet port for
the cooling medium including a venturi opening, and a second venturi having an inlet coupled
to the cooling medium outlet port.

In accordance with a second aspect of the present invention, there is provided a fluid
cooling system comprising a heat exchanger having at least one inlet port and one outlet port for a
cooling medium and at least one inlet port and one outlet port for a medium to be cooled, the inlet
port for the cooling medium including a venturi opening, and a flow passage coupled from the
cooling medium outlet port to an inlet to a supercharger.

In accordance with a third aspect of the present invention, there is provided a fluid cooling
system comprising a heat exchanger having at least one inlet port and one outlet port for a cooling
medium and at least one inlet port and one outlet port for a medium to be cooled, the inlet port for
the cooling medium including a venturi opening, and a flow passage coupled from the cooling
medium outlet port to an inlet of a turbocharger.

In accordance with a fourth aspect of the present invention, there is provided in
combination with a diesel engine, a diesel fuel cooling system comprising a heat exchanger having at

least one inlet port and one outlet port for a cooling medium and at least one inlet port and one outlet
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port for fuel to be cooled, the inlet port for the cooling medi um i ncl uding
a venturi opening, and an exhaust venturi |ocated in the_exhaust pipe of
the diesel truck and a pipe coupling the outlet port fdPDesfanbepgl0fing

medi um from t he heat exchanger to the inlet of the exhaust venturi. In

accor danchomfdr fuckto bé édoled, atseristeripor®for the EoolAEHENIm inElNENY d RAwrilop@ify, hdl 2R" OVi ded

ol ot por CHE VG BEEFUD TpaFEsHalbe 2 BB alcre kB AaiRe SMB A % HEPne | i o

port and duoraheoblingimepiomtirolQke RatERehbnpdt tb Gehitet 6D@E @Raust Reamiinl et port for the
cooling nediu | ncl, udi n?rf ﬂﬁ(ent uréfatggem ng, and in which the effusion rate
o)

of the coolind *REENGHY h $5mech, IR RARYFation, hers iy prpvided affpideoqlings yr i

connect ed systent dotpfidifig] zﬂ{eatrwdhbng@ff hatingath&@attone Eﬂéﬁﬁtﬁﬂ'@@ ond &lﬂettpb@ f&@%bl&g medi um
| n accordance Wléh a Sixt E:gas a‘gﬁ]to of the present invention, there Is

provi ded AF1IE%4¢ &Gt oAy ™ REPIstiPeT fg 2 aeriumito Bsconlesh Jisrinlpiport iy at

| east Onetliendoelﬁngpﬁd’dturrﬁiﬂdudiﬂigea oanwnecspe.nﬁg tand mrwmcmmelemn B GF HN RAmhgat | east
one inlet ndoeotlet p iumto be cool ed, the | nIet
port for “?ﬁ 814’#@} tneé‘a]aﬁg?flsﬁ@] ﬁ aéier'\t}@rff’ﬁ‘}e?t“g‘ﬁé'i‘ﬁ?\‘&et PRF @f the h\%ﬁl ch the
ef fusi on I‘eﬂihm@ffoiﬂieccﬁmﬁgmeﬂﬁgjm medi um at the outlet port of the heat

exchanger nhan by a.turboch er connected to the, outlet port of
t he heat exchghﬁ‘éqrganfenw Ay aRest o ﬁﬁ*?we%?n%wémﬂhga@www aflid goplwgent

i nvention systehej’oﬁlpmﬁ]gprlﬁatleﬁxhd]gé‘r Halibig & 1€@@hé RBt poBtLsd Qxliﬁd?aﬂéfﬁ;bﬂt $rAGodinReat
ort and one ou ort for a cooling

exchanger Vi n east. one inlet

nedi umgan('j“egitum ag%%tlea%r?ge 1l Rt 45 Pre ey Porh Eor g el t‘b%‘? rtheal“]ﬁé’a’itfﬂh to be
cogl ed, \/\;1 e do?liﬁlghne]??mtmcﬂlﬁiﬁng at%ﬁtuﬁ@péﬁlln@,ganﬂﬁﬂlwm ﬂﬁgdfmdbl?&t@of;/ﬁ%%mintgomm ng,
exchanger "EHPHE {B PP ot B¢ B prboridt SLERARG B TS e ey v

super char getiet porufeethed etcharighre outlet port of the heat exchanger. In an
exanpl e enbodj nent, o ent vention, a highly effectjve f|uid

cool i ng syste!%accoﬁ%PS%tp %8‘515 as@% RSgserl frivensig ity | g?f&ﬁﬁeéraflméf’%lmﬁeat i's
renoved f swnrmt domprﬁsingladma exthirger Haging at leﬁst(bh@.ﬁiEE;ﬁoxtI aﬁd slaéhﬁtla tportl Fdr W @Beling he
density ofme 191%;1% qg g um| t he charrg) ter cﬁft]%n the _density
of the gasés PSSy poftlfﬂ °‘l?r°“B?t Baf"ﬁ tt‘h Jrisreat B such
as air, fklmwsolmgmslsm itich@in @ dynt@abeying gnd hmﬁlémmdeﬁﬁmdhe;a&wltﬁ@lcmdg out of
the chanber .and. in haust, 1 ube, or To f her the flow
of the coll®IRg frrr% }tlhng'ﬁaﬁ?%ﬁﬂﬁert ﬂ(—fﬁehglg et Bﬁﬁgﬁﬁ %eﬁhsge ng'ﬁﬁq\iﬁ%? with or
wi t hout th@eehdn@usdnne&dd\tcemebMet;ioﬁloeme b@téxcﬁa(agert he cooI ing nediuminto the
chanber has reduc? ar ed e ectional area of the
chamber. In thi%Way° TN é”r?feﬁlp?g’l P grese! ll“‘ﬁeg "E'i’) @ﬁ't‘éﬁ& tryg fﬁ’?‘@%"é’ ystem

di f ferent embloyaMearehemmr driveolfnl @amblyr Shegihehi i€ entovaipipdnt Gatuidnand Ok hédoe
Fuel " bef oPATT R aL Pl et T S8 sblhe bURE BHGWS arhEtharht Terees i bhgi no.
Emi ssi ons densityef ﬁngasesaniﬂmbwhaumnlm\oepipﬁa@anﬁe @bﬁngon@lmmg sthds fif) BowEQASH Pt i on
IS reducegh d'g%l:%mn%ﬁf Hmd?oot% cogl (}ana outo cﬁam%e grmot%e al(ljsgtlu or}tplpgrrpl oying

a heat ex
To further improve the flow of the cooling medium through the heat exchanger or coohng

chamber with or without the exhaust drive, the inlet port for the cooling medium into the chamber
has a reduced size compared to the cross-sectional area of the chamber. In this way, a venturi is
formed to create a pressure differential and enhance the flow.

A significant application for the example embodiment is the cooling of relatively high
temperature diesel fuel before injection into the combustion chamber of the diesel engine. Emissions
are reduced by improved engine efficiency and fuel consumption is reduced.

Other useful applications for the example embodiment employing 2 heat exchanger with a

venturi opening in the inlet area for the cooling medium to create a pressure difference between the
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venturi opening in the inlet area for the cooling nediumt r ’
pressure difference between the -la 10 DEC 2004 WO 01/ 98723 @C@ﬁ@O@Q%SQZ
1 inlet ar®P%M¥ ool ing area include: cooling transni ssi onPETWSe/198T0! i ng
the charge air that goes into the intake manifold of an engine, cooling

the cool a engi ne and. cool i the lubricating oil. Brief

Descfi pti gir%el];a?éaf%eﬁ B Fga sl EF%(I[‘]&&FWSS{OH & FHoling e charge aif thet goes into
i nvent i on therigtalte stanifoltioflaml engine] ¢dolingfties @obert £ ahlRAging 6AE | A8 BH BN D51,
in which: Figure 1 is a block and schematic diagramof a fluid cooling =
systemin accordance with this invention; 10 Figure 2 is a schematic and
bl ock di afjriehRescriptien hfithetDiwiugn di esel fuel cooling system enploying
air @s the cooling nediumin accordance with this invention;, Figure 3 is a
perspective view of the cooling area and inlet area of the heat exchanger,
with the covelrefasted\and othienembedingatsad the inkertivnsirs desenibdddr]ovringihrefefenics t@the
front ele ' ' ifbsfid WAGG,. cool er tube through which the fluid to be
cool ed 1% fl Hﬁ%yiillg\%lg{gjéﬁ%gé%ce Wwth this invention; Figure 5 is an end

el evati on vi ewighrelhis addeskeandisgirmaiic diagramef 4 fluid cuolingGysteman hoqoridnae wiilethis
of a cool givehtihte mani fold, two being used for the cool er tubes of the heat
exckat%rr:ger, one_at one end of the cooler tubes on the bottom of the chanber,
and he second’18Hign iS¢t whematinandblaek disgeanbef athexbenstdziven dissel foel ddoking spsteh
the Chaﬁbahpld?ilﬁgcﬁpﬁsjme%@qlm%txge&i]@hﬁn a8 Corti NS Wit Ois itﬁtéﬂﬁroﬁ' /is afront

el evation view,.of the nmanifold qQf Fi ggere 6 show nq?_ e recesses for
recei vi ng t he HBEUE F ansEsPeeibicariew 9btae qopling area gnd inketareamf ghe kheagexahanger, with

bott om pl the covenvemiovedien Beddrd:aic walh thisQhveatiba; Fi gure 9 is a top plan view -
of the bottomj.u e N%Bif | d for, the, heat exchanger having the 25 inlet
_port and the 158 Fentevation vigw elp fuged goglgrgpbethropshmhichethe fljdtodegepled

and lﬁassaﬂewﬂmaccs&iainaéF;ithltmwifr\}mﬂumh t he coo:c i nﬁ tubes of the nedi umf t ?dbe

cool ed; Figure,.10 is. a front elevation view of t ottgm junper manifo

of Figure 9; e%%ﬁﬁﬁrilsﬁep‘geﬁfvﬁ%@t%lﬁ’fvrﬂqélﬁ GPolsR e %ﬁbég‘ﬁﬁﬁifol d of Figure 9;

Fi gﬁr e 12 is ﬁigmbt&jmm;aﬁauivias;w ofa ¢d’i)[€erttﬁiie mbriesd, tﬁm][tieiﬁglﬁed fiir tﬁtf'gaolﬂﬁ@ﬁbes of

exchanger; lgqure 13 is a fro el evation vie t nifo 0

Fi gure 12tihe_ll—:f|%%uer§8 5%{’311%&[0(95 € Tlgﬁ{h\?f;g egtf'd"?sr@ thg}%t%q;pa?@p gﬁ?‘ﬁ%‘?‘-‘e“ﬂ?&‘e second
manifold at the other end of the cooler tubes on the top of the chamber in accordance with this

20 invention;

Figure 7 is a front elevation view of the manifold of Figure 6 showing the recesses for.
receiving the ends of the cooler tubes in dotted lines;
Figure 8 is a bottom plan view of the manifold of Figure 6;
Figure 9 is a top plan view of the bottom jumper manifold for the heat exchanger having the
25 inlet port and the outlet port for the fluid to be cooled in the heat exchanger and passages for seria’
flow through the cooling tubes of the medium to be cooled;
Figure 10 is a front elevation view of the bottom jumper manifold of Figure 9;
Figure 11 is a bottom plan view of the manifold of Figure 9;
Figure 12 is a bottom plan view of the top jumper manifold for the heat exchanger;
30 Figure 13 is a front elevation view of the manifold of Figure 12;
Figure 14 is a top plan view of the manifold of Figure 12;
Figure 15 is a perspective view of the cover for the chamber of the heat exchanger of Figure



Figure 15 is a perspectlve view of the cover for the chanbérDoBE@eZ@@ﬁat
‘exchanger Qf 3; -2 10 DEC 2004 WO 01/98722 PCTI USOL/ 19892 1 Fi gur
16 is a fron? e vatlon view of a venturi ejector that coup?ggf@ pe
fromthe heat exchanger or the cooling area of the heat exchanger to the

exhaust tailpip 1@1§5‘ﬁoﬁt’@l@¢éﬁbn%v¢9f PGentile Eﬁ&o?e ecelg{]esgffi:gﬁp §c§:nt1|i.§enheat

Figure 17 i ro vation view of the vent ure

s egar ate F?‘glFﬂ“ﬁ r']:ée “é%?i‘&ﬁ efeatoémeﬁ}%f@xdm@mte ﬂl@ﬁhguﬁt@\plmlvauﬂl the emhzxuﬁt tatipipe
ej ect or oﬁaeﬁggsﬁbﬁnlﬂcrcﬁggwl:@nm |Zoa per spectl?/e Vi ew offthe veht tcjntl ontur
ej ector of Figures 1 i gure is a fop plan, view of a pai %

pJOSI ti oned be'?t:@ﬁa ﬁl‘?e%lﬂoélf( é’t‘ﬁ&@r“ﬁw&f e paRtngjsirctor1d Figeperlé spatate fom the
fronf el eeahmsntailpiper of the pair of venturi of Figure 20; Figure 22 is a
top plan view 19f an E’aJ ter naﬁl Ve veﬁh](uﬁrl ﬁ)léagf‘d [ ngi.de of the tail pipe;
Figure 23 is a B&Ght® §iadaep elaavisw shiriee b ve venturi of Figure
22; Figure 24 ngllmfgmmtpeﬁpﬁvma\dﬂw\ofﬂiﬂ&ﬁm eolgar&ﬂmguréﬁ‘ld:u?urﬁ 22, Figure
25 is a front an yl e vent 0 l.qu artia y in
cross-section ? a%d SBPV‘V’HS‘“% fﬁ@%)‘?g ﬂfaﬂﬁdﬂmﬁp bR¥changgr apdha

pl an vi ewtalpipde bottomj unper nmanifold for a heat exchanger for par al | el

fl h h ¥ t coqled in accordance
Wi ?\h\iq h|r ??nvéﬁ%ﬁoﬂ scérnqgfe%%tg no‘% ?’Iﬁeltéjaan;t eﬁe ocg.i(ﬁh@ﬁ?w?o_ It should be
not ed that t heFigues Aphistitop plah vidve obhrealmadive fventine placed aisidesofitid ﬂagpige;p, :

b f s and is no
I T

The gener al f | Bigdrecoisiardftpns plevatinnoviewief thei venamt ¢fdfigirs 22hown schemat i cal : y

[ [ K¢
In Figure 1 Of Fighes 29R adfr@ﬂ’f'é?%tmﬁ: lvié‘wdoisﬂigl%ﬁtﬁrlqﬂf%@: 2?%?%&']]?% clt%g ﬁ?ac on ip

0|I ubri atlng oll or coaling olil, for exa
Tlr#e Béﬁﬁ%#qthepxlméﬂmegﬂ% cool i ng chanber or heat exchanger 2 having

an inlet port Bigarsb6 eat@yﬁllaﬁtnmﬂthéb&wm rﬂlgiaefrlﬂéh&ofd Pa?h&?e:! c%%n%e-{g&éﬁ?ﬁel

exchanger .0 00l C further, |nc an |n port
out | et po &‘f ht ‘6@’6‘8 & theuredimdo bp cesled) mraccgdaececmﬂmwwem@m he
30 container 1 of fluid to be cool ed. The heat exchanger or cooling chanber

2 includeg, 3 088 2b4 inhsBiated Embodiments

20

It should be noted that the designation of the elements of the system as being top, bottom,
front, back and so forth, is for illustrative purposes and is not a limitation on the orientation of the
components of the system in use.

The general fluid cooling system of this invention is shown schematically in Figure 1 of the

.25 drawings. Fluid such as diesel, gasoline, hydraulic oil, ubricating oil or cooling oil, for example,
is stored in a container 1.

The system further includes a cooling chamber or heat exchanger 2 having an inlet port 3 and
an outlet port 4 for the fluid to be cooled. The heat exchanger or cooling chamber 2 further includes
an inlet port 7 and an outlet port 6 for the cooling medium. The inlet port 3 is connected to the

30 container 1 of fluid to be cooled. The heat exchanger or cooling chamber 2 includes a plurality of
finned tubes between the inlet port 3 and the outlet port 4 of the chamber 2, Figures 3-5.
The system further includes an area of use indicated by the block 5, which is coupled to the outlet
port 4. To enhance flow through the cooling chamber or heat exchanger 2, the outlet port 6 is
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finned tubes between the inlet port 3 and the outlet port 1@0@&?@@6‘0
2, Figures 3-5. The system further includes an area of use t he
bl ock 5, wWWQ#/82%oupled to the outlet port 4. To enhancePGT/B6011198%3ugh
t he cooling chanber or heat exchanger 2, the outlet port 6 is -3 _10 DEC

L USOL/ 198 I exhaust pipe 10 through
2006 V0 OLe LR ST B ARBT5 oo AT eE et 37 Ry e 6. M eeedipe
devi ce, sistpupteddo aidaviee,sath earbinssri Rombgdtiva ,eng?ﬂb le‘ﬁﬂ@ﬁ:a? Be Hik%ré’e{ @ﬁ;{s@% AR
1 I exha sys e IS

Zoory o0 RASBRRAER I n Ay e ShE S0 LG B0 Bhobaieg
partlculaﬂﬂy useful for diesel fuel used in a diesel |nternal conbustlon
engime. in° sohoaaliford SMIEReRE o Tl el Bn SsT iRl fR o ke infitta
syst em i néplusion engive, Behown mFm&s@-ZI h'Eaehwelof aoodﬂmg:sysﬂemdmtﬂ' hdiesylsngine in
port 24 el anies af SRk agr R RIE!is oW Al S 2 A48 sysian N 2 Bl o bl
Eg;t exchfisdusl tod e&@k‘grﬁhwstm&lmmm&wesnbmlewmbmorm eschangéd 23 whixH has
32 for theneael pornARS Mf‘&uﬂ@@gﬁﬁ FS goﬁtﬁé of 856t cdofed. Atle chdifer Wt hkilexBRidgef 32

to the diesel 1nternal conblsStion

h 2
engi 1o 2 Rl s ap et poe 31 e a0 obilengriAdcionfl ecling medhuni whichin hibanss s
tail pi pe @fr The olillét potls of@@ﬂﬁdﬁéﬂc%g%?gﬂﬁ 8%?16@%} fRe 936@@1 internal gekfr?%ﬂ%ﬁhgme

f ot I a myffler ytic conv
E;P grg thg’?ttﬁwq%gﬂéeﬁ%% i ohbe3gooling mﬁ@uw@tmbdrtpﬁm ethlswdplpa ofcthe intersd
at the oubbmbu@mtengﬁlebﬁtwe@p his. Opﬁd ShalRpip e?&‘taélelngﬁé‘ﬁmﬁf&l%%ﬂufﬁéxp@ affd ¢
Thi s vent ur,i né{l,%gf{% tegP rredl m such as anbient air ows
t hr ough tﬁ%&&@’iﬁ‘@“@ﬁ regie orfig34-yel . The air enters the chanber
22 tlrough an Thdmtepﬂﬁirtheﬁﬂmmﬂds mﬂt@rlw@ttﬁéaﬁﬂ& oﬁ%th@fv@ét ﬂ{&etechﬁl;f)g%ﬂst?Q and
t 32. Cr os ning I nto
Poi | s oo T hpREpe 1 M e85 i 08 PRRed '8 colbae iapiinmm, ok derbiept e flows
pressur e threugtethe beolingrhamber2aobes] tRRfuek pmrela&rmm thy clidheheaR? thtrés:[@glﬁaln inlet p Oré
f t hrough us ai
ohanced S 5an M b L BoOMheh 16s SRlet ForeP . The HOR, ekEie ety Aehiovibe
in Figur eon@m&nno ttltﬁee:daeuarmﬂpnps 3df fot ke pipp 3Snctedied aﬂmﬁmkﬁr& alfﬁhhnteiafiiv@&o the
h The, heat exchanger ar
ng%{)ngt c %ﬁe@lesﬁgﬁﬂ asser%llﬂgd&pgnﬁlcga%g' %e\ﬁrt 3% ﬁé’oﬁ‘??ﬂg?l?c&ﬁl ow
cover 70 Wi_ﬁbefée cqd¢randitothetexhaiistinilpipe is ¢rheneedo Thainletmert 3dfis aherifdetthatata®
| ud I t f C n_Nu
for 5 venPyedtd J0; dhdbin inl iR SRR BE ckbtionsihndiob g Bl L3I ANENES e
medi um t othsdnlebanea shavim B jEueR &, Z AadiBer 22 The detail of the cool er tubes

40 is shown inry &Hf&%héng’é?gr SoolihB ShAdthe 22 FuHowh ASWHRAIL BFifirdS whth fQ'exterior

t he heat fromt
car rZ%I n9 cover 8 removed. Re ernng to Figure 3, the cooling area of the chamber 22 includes a plurality o”

finned cooler tubes 40, which are six in number, for a vehicular diesel engine. The cooler tubes 40
carry the fuel or other medium to be cooled through the chamber 22. The detail of the cooler tubes
40 is shown in Figures 4 and 5. The tubes have a number of fins 41 for carrying the heat from the
fluid or fuel that is flowing inside the cooler tubes 40 to cool this fluid.
30 The cooling chamber 22 further includes a top cooler tube manifold 42 and a bottom cooler
- manifold 43. These manifolds 42 and 43 are identical and are shown in detail in Figures 6-8. Each
manifold 42 and 43 has a plurality of seats 44 with a diameter and thus circumference equal to the
outer diameter and circumference of the cooler tubes 40 to receive an end of the cooler tube. An
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fluid or fuel that is flow ng inside the cool er tubes 40 t,0 C@% tbﬁj
fluid. 30 The cooling chanber 22 further includes a top cgome @ Usli-

mani fol d WO é8722 bott om cool er manifold 43. These nmanif %4@@&9 43 are
identical and are shown in detail in Figures 6-8. Each nmani ? and 43
hag a pl Y@} i fegeats, 44 wih a dianmeter and thus circunference equal to
the outer djfu?ijfxfé‘? 8rf&§n°8°kf g e RBITER M igkieeS, mstdsevith thb epedifig U6 it BRahMATSA

end of t‘ﬂ\%ol’:%lteﬁamaﬁmﬂtédteEe&&bl%cﬁ%ﬁ‘&hé/jgag}g@Sﬁgcf@g ugglé 19892, 1
i t Ler. 0, en in Fi , oL #lEinchades
:Jggﬁir nguggoﬁ(ﬁngﬁ%iﬁgﬁﬁig@%bﬁg}é@@aﬁége pi%blr!ﬂﬂf:-ﬁ ulrlﬁi d to be cool ed
through the dAfud &0, Fitiec®alinginehsioalio Bvepakdietditind: inRPLl MRLGORLE!

| F 9-1T. M e afiand
e e e s o i e 15
to have Xperoedyandgoaples e fiobtocthe fintiesoleftube 498,06 shdws o F?@f‘f"i el Lk

t

: he f he fiTat
port forthtdighichdlefn®e 4bighg {h(élj_:?% g?og&glﬁe?xﬁgnr}fqlg ﬁ& Eclr %ﬁgrt a tl%ﬁ ,cgglgmugr@éﬂ: guamlgfoﬂﬂa

cool er t#ﬁg\ﬁQ ., 8s. shown i n Flrgur

40a and %‘Hg’l@é%méhowwhdmhﬂlbgmﬂm-m Mahisld 30 Kigure 991 19! hds'ﬂ'ﬂ}?trco}l%[i%
mani f ol svagichahd [ LR .datail in Fjgure 2-14. Manifo ,
Fi resq)Qa-S%gc h cagif)i rtg‘tgﬂggiu%{%iﬂg%e Sgcgggé:agieéﬁﬂ%eo‘ioggﬂﬁﬁ% cqaleri tybe A8en the
setdnd CEEPECONRBRS PAsERZES Sroruplesithe dlupbiire thet fotmeh dier tbeldDAaTe BRTHRIE ritﬂ%

passage 48, slbupdeemt iiFiglyid fromthe fourth cooler tube 40d to the fift

cooler tube ,40e, all aS shown in Figure 3. A second single cooler tube
passage 54 i fr {F5PRG Hnelesoolse fups passegedd umbmifold 60 sert¢seascAutlBefromRBE BES1

f.or the chambead2? & the Babled TRble L%gidy are spaced over the
surface n?inifi@ | f Idegﬁ. T%éles%glﬁl gﬁgis_gs(glggﬂ %ﬁ%?p%ﬁ&l’%eﬁho‘f%@e H‘&E@@@S
(a{)swc]) ST %b’& e boft holss ?%F%T%m@aﬂlﬂbbfdthﬂmﬁ&ialse stxdh hambéd) in mdhiFoldyot
shown)  to as@mumeddth @oltoRith i CHBTRRwd) ' i gure 3. Coo) er
j unper LLal 33060% .‘olfl%ngure%%zl- 14, has@%&?@%é‘ﬁ@%@%@@’%@@gﬁﬁlw Wi
63 (Sh%iim@% I pigfis ad"FPHeD °ﬁi@up%’fele%%lh!%ﬁlempﬁngmssagasrﬂli,m and 63
assage ($pvada dlihes iaFigees 124@93). 408 | |
Bassage@%&gu%e %@gcé: ol ers.tubes 210 35"@2 d. gph%g%gﬁﬁgg&ﬂ’é%%%‘??ggmbes
passage 63 couples the fORPLRE Bassa ev@les dhe condernvmbest 40cchnd Ot Oku r THeethird
i ncl ude§oplpgrmasHge 6B zvuplenthenblentubss 404 dndidog passage 63 to provide . .
acgess to t t of t cool i ng,chanmber 22. This access is
useful for Pﬁlgfé#ﬁho@fghﬁgr %ﬁgﬁgs?gﬁﬁésgt‘ﬂrc@l@@ﬁ’é es(Wigh thenpaseagetad tormrovide
t Ihe t enﬁ%"reﬁ?ﬂrﬂée fopl at e twitofithe cebdlifgrhamber 21%20 Ttlmrabéefgk isu38Ful #P BasBARBNAE 2 Rlal
Pl acenefdm ' s a fuel cooli ystem on an
el ectropi cﬂc%tﬁl?%gﬁbggﬂ %ES&S%I%@ E’P‘“’e@%fﬂﬁ FIRRST W&f‘g}éf’rﬁc’o %eé‘ﬁlrféhil?@ ip gpntrolling
i nj ect e'®EMGMSEd- t hat hve a fuel tenperature sender as

Placement of cooling system when used as a fuel cooling system on an electronic controlled

. _‘25 diesel engine is important. Electronic unit injected engines that have a fuel temperature sender as
L one of the loops that control air to fuel ratio can mechanically interface to the electronic control
module and therefore change timing and injector pulse width to yield optimum efficiency and
-decreased fuel consumption. The improved timing and pulse width decreases in cylinder
temperature spikes that cause nitrogen oxides (NO,).
30

At the input end of cooler jumper manifold 60, a second port 56 is provided. This port 56
communicates with the passage 61 to provide access to the fuel at the input of the cooling chamber
22. This port 56 is useful for injecting a catalyst into the fuel being cooled for improved operation
and efficiency of the internal combustion engine with a resulting reduction of emissions from the
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. ratur ro [
Poel o ot felar ' toPRE LS 0 eIS o8 FERE G Bhtsliee 45 comas atsacrt e heet
for the cewthangereradif® Ti2 angledtsidenvalis 9k Gorhea hirrovABp@iihg Where bh aBbx DY ?éls(tjllts.
22 and a0 iVer FBYEL 0 oA oS bR RoaRh the LBoRRE b pfine Sihagien G 2 Snd Ppgare
cover 70 Bealediway fiomlthe apex 91a amﬂmdehtlwtpamllebmhimaideawﬁlm?ﬂs trehtad hve?ﬁ%hin
h ' ' s ] encl.ose the copling a 0 ]
heat'™ excpieropchBy ifto i Qlaclilf. TRYSbuAR I torePELESGelel s b immbe i Sant il
where an %p8&angpiimuss of 877:1. TRbis colume @tio lindiffirehe fmadiﬁ’greﬁBguidsab b];begbl&dt eor
' g : re a. a r he
Chox 0%a ooBl, O SYISHENRDRT sl i A8 Sl Br 2316 3: POMLR Pl SATB AL
in 10 the opentisgover ¥ hasene prmiors outlphporisdlSumen ead Wallﬂéldepmd_iﬂgnglt:ié eplaicatﬁ_ar-
[ : : : ' ' X i r Q
o it or oot Bbolfythabeft, A deschbdeitiERpRally BUhitior fwd bxdust hdks S nilR 178 2
ratils for Siﬁ%\%’%téprqwl Femppsticaengmedeingfused. 1f the @hiclahasiwarstacks, tenthodover 0 vall
{

The appl1 ai‘?ﬁ%@mﬁﬁﬁ et o 7 5p e do tlel B Arcibnd I RER LA 2
or two exhEE s The RutlelPaRiEetenlogaied anpsvhere elong teripagth oF tecmdunall 86, The

engi ne beloogticisshdwnlifi Figi€e VRHbsIndt &ﬁrﬁes%m 18 tiaokare deR®Bd Hﬂﬁvxﬁg Ghe SeMvbhturis
advant age | y_have two,out ports 75. These outlet ports correspon
to the ou#%q&%ﬁ\ﬁ@feﬁ?{}aﬁé gLr e 2. The outlet ports 75 can be |ocated
anywfler e al ongdvee70 ditgirhgrobvésef thadostat tub® EnanttoRis 42067 4NNASHONE T4 afch@H 6
%g gﬁg\?m nﬁéﬁﬂé?éﬁ O&Sgga%%lcg% tsg gv\nu‘l) lrneFig&}e%l. L&ec%n%rsgg\ﬂdgl g%o&et}se inorgénliteo&d 4\1/2e nj’g\g 1r1c|)t%d
above, manifolds 42 and 43 are identical with one being at one end of the cooler tubes 40 and the
other being at the other end of the cooler tubes 40. The cover 70 and grooves 74 cooperate when the
cooling chamber 22 as assembled to provide an airtight seal around the chamber so that the co oling
25 medium flows through the chamber 22 from the inlet port 31 or orifice 71, across the fins of the
cooler tubes 40, to the outlet port 75,
The outlet port 75 (corresponding to outlet port 32 of Figure 2) is connected directly to the
exhaust tailpipe 34 through pipe 35 or through a venturi 33 and the pipe 35 to the exhaust tailpipe
34, as shown in Figure 2.

30 The connection to the exhaust tailpipe 34 provides an exhaust-driven fluid cooling system.
The cooling medium is drawn through the cooling chamber 22 and out the exhaust tailpipe 34 by
differenices in the temperature and pressure in the cooling chamber 22 and the exhaust tailpipe 34.
A venturi 33 between the chamber 22 and tailpipe 34 enhances the flow of the cooling medium.
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20 tbver 70 fits in grooves of the cooler tube manifolds 4
‘groove 74 %ﬁggnd to periphery ofmanifold 43 is shown in F¥éﬁqg[g§zgﬂ4

cor r espondi tve is in manifold 42. As noted above, mePFFESUL9E2 and
43 are identical with one being at one end of the cooler tubes 40 and the

ot her being at Thé‘&)rﬁfe&ﬁfn RAeR thd HendR %&nﬁ?ﬂﬂﬁé@zf is sHn %bol?ﬁggre lg %&Smea gort

grooves 7% Coo when the coQ g As “adle
an airtight 1$B Vl ﬁhe fide Ogﬁﬁrﬁﬂém% 44 Waventurs 82 doloceigd tidesitie tailpipeoSd. The

t hr ough tkvenmhmbsgho%ihr
fins of the cooler: Lk g;"'f:El@a"“‘“é%"&?%%“%gfﬁ‘*@“ i-SdefibneltaitARL 2 Fifire 16.
(0)

(cor r espondi ng 961“5"2 Bis oymia 25“?951'66%33& é"bed’ienwutal)/hascammht
exhabist  t atifipe a@oﬁmememumhnmmﬂoﬁéngeﬁe zmmeataﬂﬁaé o4, Iﬁ%u@&%nfﬁ%s@is% e
to the eX%ﬁH%scﬁ %@I 35111 4 shovvn g g 30 T onnecti| on
the exhauSt tart] Pﬁ?%él d SaYF"Q}Fh 25 ‘?ﬁ%ﬁ“&@ﬁoﬁtdﬁl&!ﬂf‘céérm@@%@t@ﬁmﬁﬂ
The cool i feglpopeedi um i's drawn through the cooling chamber 22 and out the

h t tail ff the t t d e in the
ool i ng chanperfe ot S A FERET SokRinsrie Sletused, Rpoier o perieRes e Is
chanber zzoahmadanrﬂmtpép@d%nmwmaemsgzlaipﬁgi dﬁh@éaﬂalmeeﬁabsw d ngm:g 9%
DEC %004 e.gonnect.i t he e
and 10 p%@%ﬁ?@@@é%f e B B Ferioncel e RV BRG kin Big shp B ol b e
side of t# bﬁa\releplﬂmne@hed-dompbmon 82t shd mclat pott B4si de the tail pi pe 34.
Th t |
cross. sect  onedt 2o apBaih fR e SoREARL 2 RSO IR D s iPonen st par
shown in ﬁi,gﬁuw@yl the oaﬁmlem vefing &Zeﬂirwgh tBehtlas 8Gand aitdbe tafipipe i38ivith B3 erhaust

the inter GRS tAtBhal of the tailpipe 34. An outlet
I f] ot %nglgo t%etallplpe 34. This venturi 82 is

orifjce 84 is on the outlet si
desi llg}‘ned to fitheg %4%@%@!@% 3hef BiguiZqigshasvn int Bigines pe and Bé, with two verris

has a neckedg gmwnﬁgr@é%q@or&%@ﬁ gL 0ss-sectional portion 85 that is
pi pe 34 near f?e inlet port 81. There are three hol es

positioned in
‘86 (best seen %e‘FF’al?Pét veyjuri, fybechasges or supeselprgss drivpmeqolimganedinrndresh air), is

peri pher ymf dﬁ&‘ﬁmmhéléxt lﬁe?e)dh@.uﬁ A MHRHoDON thd
bet ween t 0 ed- down. gg) he outl %{geﬁéﬁcﬁﬂ%&%%dgkéthe%nsuments

redi um f r 8hibe bFPIsEe 8 fenoles nstiective i induchon Wﬁegéfosmeﬁﬁre@ggwm nl et
port20 81, ar Olifh'&: sideenf @lﬁc§ mdean'd nunsliYr df coole? tutieh), rs‘i)éégﬂ' chOlthghtha@bed 6iz8 Al Ridhtion

t he tallp th t e haust s fro rnaj. conblstion engi ne
27. 15 Thiéwé‘g‘ﬂ‘bﬁﬂb(?f fPEﬂ% Rjﬁsé’? §m§ g systang derends on by
21, with apphiceior offths sysbmn,mgclaﬂmgrﬂlﬁd)bemg eooléd mdmhﬁgh@uﬁimbe@g%mpvma

??ngﬁt a:/(ra)nt ur’féhe &HIE]Q&S Qﬁ\rtgg "eatPbxc g%ﬁ- Cor T8 ing ¢ dﬂaln\llge? 2500% g mventlon have the

following dimensions when designed for use with a vehicular diesel engine and particularly those

25 in Class 6, 7 and 8. Class 8 diesel engines, for example, have a horsepower between 400-and 600
and a displacement between 763 and 893 cubic inches. A specific example of such an engine is a
Detroit Diesel 60 series, having a displacement of 775 cubic inches and a horsepower rating of 425.
Vehicular diesel engines are manufactured by a number of companies including, for example,
Caterpillar, Detroit Diesel, Cummins and Volvo.

30 The cooler tubes shown in Figure 4 and Figure 5 are 6.4625 inches in overall length and
5.9625 inches in the internal area where the fins are located. The inner tube opening 45 is 0.50
inches in diameter and the overall outer diameter of the cooling tube is 1.1250 inches. Each fin has

" athickness of 0.0375 inches with a gap between fins of 0.0625 inches. The groove depth of each

-7-
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of ventur gy ; u t._and inl.et rt the fluid cooling
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763 and 893 cab.ipg i%gﬁsﬁ.@i ,%\p'sE\eﬁgi%?%%%gggkgfegqg}f@gﬁe%ﬁ”vw%f ali‘ée‘g“d%a and
Detroit DPREIEH sifp 3erngled sidadd sytendefirap therpes A tothe xtSrionwidth ofthivmanidold. aThe
hor sepowe bvérallidegth@F tk3Ranifole Ghesels o ed .b
nunber of Z ams i ncl udio}l@sfakgdgirl%{eganpl él,s {%C\[g%ngg%i ?‘ngéﬁﬁgf@%%'%ﬁhe@g)rfzso
Cunmm ng amf%%l vo. 30 The cool er tubes shown in Figure 4 and Figure 5 are

6. 4625 i nches Tie mtehsédold é1 58 ; ' ERag i !
Wnerl% t he g !Eﬁowﬁ lﬁﬁéﬁrés@m,ﬁasaﬂoﬁgﬁg.\@gﬁo?ﬁ%%egéa?eﬁ that

fii d. ] t 45
G il or RGP A8 94 L Bithess s hiot Bved Lrodt thovmpigoni Al ovasall eogth of Bgomanifold
i nches. Eisatiné inchéasith an kiile BO e PéinPwaktd Bnd WRIRESE b Hanﬁoaagid%@t \eggegﬂiét D1t
f 0.0625 h d f each.-7 WD 01/ 98722 1 &
peTt usar 7 15858 The I euobhs Sl i hiiazte 46 Vs cod rvimatecion the Tnpuiondi Hsis
42 ﬁnd 4_?_8534&11@1@\& Thé ;ccﬁf c@hr?ﬂnbﬂoﬁtIEShomﬂll F-ig'uﬁgt 3Qﬁ1|41, hﬁseﬁ'ﬂ%lﬁSB%ﬂ%ﬁddth anc
I nches. el I Npu or I ocal e as a W aer | S1 on
t han t he Ic])e\?/lg;&1 gtfd" Itﬁ\%gg;a/leol?(’%[oﬁb Ooﬁﬂg‘i"?%?rﬁb' ﬁi‘f’@lﬂ? ¥ges of epofer jumpese AR gnd 60
The lég g apravide fonberial jflomt ofthe imaweg@omwmhmgﬁgg Qﬂlﬁ@}ﬂtogﬂﬁﬂijdﬁﬁ%gﬁled 38
apex . : t, t e ees r n e S| de an
oot ed si TraRiY i, 1F ARG ohEa ik, 13 0ATAR %0 B wtld BoRiniiek mecsoolio
wi dt h of tubes when asseonbletles showe imFiguteht h of the manifold, as seen in
Fi 7 is Q i . f . 44, | 0 inches. .T
bott om cog) er - parsBeRGfr iytlles AR ahelll A6 1240 Fidefe 2 T qoolgt S5 41 ot
three i nchigdre i@bas ae sipidéddshatreplages the conphing passagéscsd aldef3 muf np@tipaesikesfand
t he ogani . isgirverd. -y
hngie 06 giict ARl ST dhd 51 85 dr Bl io\Gp CBle! Plsber (31, R FrulplAiS Syl b e
port 31 tApkneTHEeS Ehgnd the fokklawpin prallel tupughetharigbas. 9Bne of tieeccibet jumper
renot e frognifblds hiud inRR o And fhe o%é%ngeo PR she d%ﬁ@raéﬁg%f%%o%kr#%ﬁg?%a%g?uﬂet

shown in Firgures 12-14, has a corresponding w I"engt
t he bott of®Eool er junper 50. The coupling passages of cooler junpers 50 and

60 An alternative venturi to venturi 82 is shown in Figures 22-25. The venturi includes a curved
25 surface 110 that corresponds to the curved surface of the exhaust tailpipe in which the venturi was
| placed. For example, if the venturi is placed in a 4-inch exhaust tailpipe, then the curved surface 110
will have a radius that corresponds to a 4-inch diameter. Similarly, if the venturi is placed in a 5-
inch exhaust tailpipe, the curved surface 110 will have a radius that corresponds to a 5-inch diameter.,
The venturi further includes a flat plate 111 that covers the upper part of the opening of the curved
30 surface 110. A flat plate 112 covers the lower part of the curved surface of 110. The flat plates 111
and 112 do not touch but rather leave an opening 120 between the two flat plates. Theré is an
opening in the curved surface 110 to provide for coupling of the venturi 100 to a heat exchanger or
cooling chamber 2, as shown in Figure 1, or 22, as shown in Figure 2.
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accomodal #singFigpeedshl e coupl ing tube, such as rubber, that may be sl i pped
o ovi de. the. cors [ gredts 80 el cooFl"w%ﬁﬁd bl 05 kel S
tai | pi pe o wmgmﬂ e qfifhe {nlefrarea; Tllwqheneﬁ the copling area which ingldesdha gooling tubes
tai 120i pe 36 ik Before@He0 &% 17, bwsqafgep{haﬁhﬁe Vﬁﬁ&iérdf th@ﬁzlétha%’é@o rﬁaﬂuﬁﬁe Zithit
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ot her, i s®BpisAbiermgratitg (BAL) of that P@Hesetmﬁb they @mbpb%? 8v2 fiem
t Ee vent upcbrtsczﬁctulslz%s a@gtgoﬁ@%@f ea byﬂil*elrdpemseafﬂhe Bhahber NEhd @mb&‘aﬁﬁe iRidkGhe
e area eo ,n a even uri - is
appr oxi m&éﬁﬁe’? 187 Fir]?gﬁggﬂ"ﬂ‘\*ﬁ%%lq iﬁtﬂ‘h‘ Igte tgq%ggh &%&L&eﬁlﬂt Lo ppleb R AL el y
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control temperature differential. The temperature differential is controlled by the effusion rate,
which is generally measured in cubic feet per minute (CEM). By effusing more medium through the
outlet ports of the cooling chamber or heat exchanger, a temperature differential as well as the
pressure differential is created. Effusion rates may be driven by a venturi, as discussed above with
30 the venturi in the exhaust stack, or may be driven by the intake of a turbocharger or a supercharges.

Common temperature ratios experienced with the fluid cooling system of this invention is a
temperature at the output of the cooling medium port 6 or 32 of .75 t0 .83 of the temperature at the
input to the cooling chamber 2 or 22. At these temperature ratios, the effusion rate at 125 CEM is
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tenperature at the output of the cooling nmediumport 6 or 32 of .75 to .83
of tRe t enper ablfheughprefgered pmpedimentsiofithedlvid dovding hpsre ha@ teen fhwrtdndideessbed
t enper at ugkoveltthed Ahe LS =9 1 4 VO

01/ 98722 POH SO L kil %f%?%%‘%ﬂ?‘{_eg‘% ﬁ‘ﬁg‘% spectfic btbbdintetts Sut et e selfe of the
tube or pPpEnEen jsdofedgisrmmed agclaimedar exit pipe. These rates and

t enper atures occur when using the exhaust venturi of Figures 22-25 to
create the effusion rate. One reason to enploy a venturi in the exhaust
pipe to create an effusion rate is that when the 5 systemis used as a
fuel20cool er in a diesel engine, if there is a |eak between ports 3 and 4 of
Figure 1, the air will not be introduced into the conbustion chanber of

t he di esel engine as uncontrolled fuel. Wen the systemis used as a
charge air cooler, the effusion rate is created on the intake side of a
turbocharger or supercharger. The heat exchanger may be enpl oyed to cool

hot exhaust gases where the exhaust gases pass through the interior of the
cooling tubes 40 10 and the cool ed exhaust gases are reintroduced into the
conbpgsti on chanber as the exhaust gas

30
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recitcul ation. The formof the chanber used to | ower LAT of tge cool i ng
medi um can be used to cool other items rather than liquids;, ughD&( 2004
el ectroni c conponents or to provide a neans for replacing Freor driven air
condi ti oni NgWa¥sis@MEmed3s: Al t hough preferred enbodi nents of the fluid

cool ing system have been shown and descri bed above, the invention is not
limted to these specific enbodi nents, but rather the scope of the

t t d
cllaimed 1's: 1. FLu degﬁgmm SRR E R e My RO RPRE N ol
| east one i nPR§OYHs p@orgﬁgacg fongdivm agg it leﬁﬂﬁpnglltkﬁ@brtr@gdnadouﬂnt@nﬂ fatanhedﬁim
one inlet pootbeadddledn ehelilek ﬁbrth&rtlhe 0bHR H@éﬂhﬂﬂhcﬁl&n%ea 9&%&9%3115@ ang a%econd

port for the coolh‘% medi um i ncl uding a“venturi open

vent uri hawY‘Fijgh g F%Fnh‘ﬁﬂrﬂoéﬂle@@Eméo@mmﬁ@ummtEWMtIet port. 2. A
fluid cooling systemin accordance with claim1 wherein the second venturi
is nounted in an exhaust pipe of an engine. 3. Fluid cooling system
conprising a heat™exc jd copliRg Sygteat injaserrdansgevitinglaim povhereinthe sspendowrtet is

port for a c;ﬁ@hﬁte@m@(iem@ fa|_n%% fneONe inlet port and one outlet port

for a medium to be cool ed; e inl e port for the cooling mediumincluding
a venturi opening; and a fI ow passage coupled fromthe cooling nedium
outl et port to an. inIBImd@oam £ F‘l:%hgn Q

?x‘i‘i g heatolth e%”e Hﬁw‘lﬂgaﬁ%’iﬁﬁ&@mﬁm?r‘c?ﬂd

conprisin exch e haV|n

po?{) for g c‘?f’(?loi“ﬁ %ﬂfoa%caﬂw e E@@déﬂéaﬁtﬁ%@fﬁ@ﬁﬂ aadanwetlabuontémr agoedium
for a medi uro Hemdmeect;@l@é Bﬁbt goiefor hebodiRbtmédim!iAGueRe! d Féh tﬁﬂ?@ &Hh%%{dug'ﬂb%
a venturi openi rid % &assa(&; coupl ed fromthe coo ium
outlet port 338535% cpppled figpm tg“’t"ﬁ g‘@’é‘ro‘lﬂét PLQ %Ué}leéé‘bﬂﬁwfgw

&min
accordance W|th any one of cl a| ms 1, 2, 3 or 4 wherein the heat exchanger
has a chanber \4| ng ? E ﬁl of cool i.ng tubes, nounjed |nS| de the heat
exchanger for seri al i PEBGTETR RRImprifinga haat exchangen having # lenst eusdnltporgand
A fluid coolqmg)ugy@(nrtﬁoracadmgnﬂahmﬁ andhhlemw?@ﬂﬁet?ﬁﬁﬁh@bg@oﬂtlet §013f6d}ra rﬁed%ml
wher ei n luralit (o]0] t ubes, nount ed i.nside
rb%aéo‘fé&c %@9&& é‘g Z r&f P@‘P 4 YREGE OPFungeEd, Anflogy

t he heat ex Hanger
be cool ed t HasHEgh cpuwleql ftba‘sthe Eooli:rg m@d[bmmllebpbw\xotdn ialedoes elrbedtaigte, a
di esel fuel cooling system conprising a heat
' 5. A fluid cooling system in accordance with any one of claims 1, 2, 3 or 4 wherein
the heat exchanger has a chamber having a plurality of cooling tubes mounted inside the heat
exchanger for serial flow through the tubes of the medium to be cooled.

6. A fluid cooling system in accordance with any one of claims 1, 2 3 or 4 wherein
the heat exchanger has a plurality of cooling tubes mounted inside the heat exchanger in a
cooling chamber for parallel flow of the medium to be cooled through the tubes.

7. In combination with a diesel engine, a diesel fuel cooling system comprising a heat
exchanger having at least one inlet port and one outlet port for a cooling medium and at least one
inlet port and one outlet port for fuel to be cooled, the inlet port for the cooling medivm including
a venturi opening, and an exhaust venturi located in the exhaust pipe of the diesel truck and a

pipe coupling the outlet port for the cooling medium from the heat exchanger to the inlet of the
exhaust venturi.

i1



exchanger having at | east one inlet port and one outl et portJ[@rDE&cmldlrng
fredi um and at | east one inlet port and one outlet port for I

cooled, the inlet port for the cooling mediumincluding a venturi opening,
and an exhaust venturi_located in the exhaust pipe of the diesel truck and
a pipe couplinfg thé disselefichenalingciystemeincasspidagcarpithusieiny drwhareintbarxhaust
exchanger (& hclitesh c@ived fac@%ﬂ@éﬁiin %hﬂfrgcovt\lﬁlé?%?%% @iqgﬁe}ﬁmuﬁp 8

fuel cooli ng _syst emin accordance wt clalm e ex aus_t enturi
i ncl udes alnelingdrstandrsgeendmatepoanegedtodhanuaydd sutfagd t hefroperihmg voth théeurved

exhaust pi percRRH4, &Bﬁ #g‘ﬁ\%ﬁ {)Eﬂ{e%grv%ﬂ guﬁ%%‘?ﬂ %e}f@oﬁgﬁz%@%’ﬁgg% tPEh i@ ah Q@rﬁ#&‘é@ d

surface to forma v / curved surfac n matl ng

curved sur $aiéolumne fiem daupipe Abe Dsetiomig, the pipdspacsd from thssvrvedsuriace. sai d
volune fromthe pipe at a location in the pipe spaced fromthe curved
surface. 9. Fluid cooling systemconprising a heat exchanger having at

| east one inl et9-porfltaﬁaoolmgémamw@mppmgag@artaxqi@agq:rrh@vwg@tl@mtaw porand
one inl et BAs buRRPoR RS aQdblifk mdffuln At falRAL UL St R GGk pok!TEr 4 fHlifum

port for the cooling nediumincluding a venturl opening; and ] ]
ef fusi on_r Kke wrladpthedrlsl nosforthgicophing wedivmdntieding e xenan geening aadimybich thy
a venturi egniecisof thOcddltg pitdhih B8] the Rlat ERGNER s SMGRARAIR a JeRturf nected

cool i ng nedi lﬁm éo. Fluid cooling systemconprising a heat éxchanger havi ng
at | east offetheorlet nostef theheat grehagesnfar thg spelingmediuabol i ng medi um and at
| east one inlet port and one outlet port for a medium to be cooled; the
inlet port for the Cﬁ)Q| i ngi, medi um i ncl udi ng a venturi, openi ng; and in which
the effusion rite &fuidgeolingsystan capprising abestgachapgerdiavingat leggt opgialet pagt and
te>r<] c hﬁngter bﬁeh antapse %flawglanpg m@bmﬁhl Naidae !eatgmlew&ngrt ghdldie Oﬁﬂéﬂt 1Rkt f@ﬁé fne@fum
e heat exchanger.. : ui ool ing system conprising .a heat exchanger
having at Foe%f‘scto%ﬁ%ﬁ‘étheﬁrlstp%ﬁ%f thg ol iBHESHHM lg%cluﬂfa\sta PRl PERBE: 495 HBGHhe
aﬂd atl I easffusidit]?rdt@bﬁfhep@bfip@ﬁﬁdﬁié@a@ﬂl_& |0ﬁ’|élet§ﬁii't_ of the haatexdhatier !is()elﬂﬁn@dg%)eﬁl;
the inlet port .tor the coqll um | I.n venturi opening; and In
whi ch t he %ﬁ?%@ﬁc?%eg‘egfto ﬂ%&%ﬁ@?&ﬁpﬁﬁ%ﬁﬁ‘%’?ﬁa&ﬁﬁ he heat exchanger at
the outlet port of the heat exchanger is enhanced by a supercharger
connected to thle1 outFlh%Cg&rt of. the heat e

ing system cOmMpPrising aﬁgg%ga?agrger]hzaving atleast one inlet port and
one outlet port for a cooling medium and at least one inlet port and one outlet port for a medium
to be cooled; the inlet port for the cooling medium including a venturi opening; and in which the
effusion rate of the cooling medium from the heat exchanger at the outlet port of the heat

exchanger is enhanced by a supercharger connected to the outlet port of the heat exchanger.
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