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 f or med
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 hydraulrhg 1rfv!edﬁogrela@,slto ﬁxh‘@tﬁdhﬁ@&f éﬁEEs%Xc%erﬁﬁldﬁn &eﬁ%&& Ffﬁ%édvtﬁ when
the oil is cooled. This is true in transm ssions an arts of a power
train as PRI 2 gesygdifferrac bepweemtie coaling areaafitisrheafexchnngerayid the infStarertoy of t he
|nventl0”ﬂk%o&ﬁgQkQﬁﬂ%@m&h&h&ﬂ@@mﬁﬁﬂﬁ%&mﬁi the present invention, there is
provided a fluid cooling systemconprising a heat exchanger haV|ng 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 mediumoutlet port. In

accordance W fiik Ao eoMkisaS RS kble &f m&n@%pﬂ?lﬁﬁi%ﬁsnﬁtehﬂyc%ﬂxhﬁsﬂgh englnc%rrﬁl e PT OVi ded

a fluid cooling ?/stem conp r|S|€dg a heat exchanger having at |east one
i nl et por eifigRElydtelatigty high temneraturegpel s coe%bqfqrgbmm@d@uame tagdustionne i nl et

port and @%b@#hh%mgéﬁhﬁiy e&ﬁss@nﬁ@ﬂe&%&&d%lﬁﬁgéﬁ%d &he inlet port for the
cool ing nmediuminclu a venturi openin Fow passage coupled from

the cooling HEde ﬁsbiﬂ*ﬂséﬁncﬁ‘@? ettergwigyropler ]@tdf ubic BuidPblublratigeystetnyare
accor danc gowd diotie Whin'the ASPERled Ofhistid GuehS @ﬁ@ﬂ&@@\éﬁd&h&@m%ﬁ?@ﬁa 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 £l ow passage coupl ed from
the cool i R3mmaxpofthednyengionnort to an inlet of a turbocharger. In
accordance with a fourth aspect of the present invention, there is provided

in conbination with a diesel (%I ne, a diesel fuel cooling system
conprising a WeStordREnsfye PR dheaPreseFtela‘éePt'Qﬁn@eﬁerﬁ arovides 4 flyig goding out | et

port for &semQbin Ghedd Bk A FerHavihER Hast QRCinlelPRiland® Bcl on JoiPRE 1 QUL -1 10
Decenber %@4 pol??m?gr f.uel £Hté((i) b\el %ool ed, ltne{ellgl nalne epc'(l)lrt(goor ?h%gc ol i ng

medi um i n W ﬁ'@fj at legst e jplst p%@ﬁiqu@outlatrmrt gﬁ 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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exhaust venturi located in the exhaust pipe of the diesel truck and a pipe
coupling the outlet port for the cooling nmediumfromthe heat exchanger to
the inlet of the exhaust venturi. In accordance with a fiPesemepEO¢ of the
present invention, there is provided a fluid cooling systemconprising a

h ealt exch Qﬂg & flebeoi bOgoRdl, He@dl&tpa®fdethe BdoBhg M&Iim iﬂélﬁhu‘igrheveﬁﬂh loBénidpQ4dd hor a
coolin g rTE

L{m andiat .east one |nl ?{t?% qi %Ene outl et port for a
medi um t o SBEVEYE WY locqteddn g eghaus prpe of the diepg) ru P REpe fRalREs HEEtUItng a
vent uri o;fanhertgolmgmddmm mltﬁdhettteech@tgfeusmmlétahﬁe &halsh@nefiol i ng  nedi um from
t he heat exch

% IS ent{lag C¥ vent ur.i conn@gt ed to_.the outlet port of

the heat excHaRGEAanFHMI ha58¢ Hfg‘ GRIBIeliNventiona thets ity Avided g fuid cgolimgy ¢ 1y

aspect of systn @ipEGIHa HeeRihbigahavih§ &N@sti che mreeydnd@ai offe dukletipdrt 6@l bfihg SYStem
havi n | ea inlet port and one outl et

conprisin hea xchanger t

port for g"g'ﬂf ?i@ﬁeaﬁé’ﬂ? E‘E‘f %‘?’i‘c?“gf’ %‘H%ttp%?f’é anefligm t‘bBﬁ"‘Eookiﬁ’r&hedﬁ‘%t PeGfret port
for a r’redltlwr’ﬁoblﬁhgbﬁedmﬁoineldjmgt Neenhifil @knifY ahd OWhicH e eﬁ’ﬁ!ﬁﬂnlrﬁlg ofgdi dddnncl udi ng
a venturi emtpgqrthaﬂe whi ch t he gffusmn rate, of the cooling. nedium at
t he out | etmeg'B?lt OgY e #ra* FERPecER EHARGEPY f ¥enBiieqmeted ByheLuehRgE Of H deat
connect ed ekahaﬁgaefortﬁuédoﬁrtgmttﬁn of the heat exchanger. In accordance with a

seventh aspec resent |nve ion, there is provided a fluid cooling
syst em conpri gtaﬁbor ffe ‘fhaesﬁ?ﬁlf'tﬁgﬁﬁ‘ef’ th%tVF??ﬁt %Yentl‘e‘ag“f’redsrieo‘{‘%dé‘tﬂ“&ﬁ’? lingnd one

out | et porystefnodomprisi@al et @xchirpel Havih@u deagitond E&S}Bm&ﬂ@ oneBugdt pB@ Fdr a%B&im?
outl et por 0 be ooI e for the cog)

port
medi um i néqeﬂlapﬁﬂg%ﬁ‘%gﬁf’%t”fet Rpeh H‘Qeoug?t(!?o‘? r W‘ﬂe Hmttfl’tée wpled; diedplet gt &r of the
COOIhI ng mwodhﬁfmﬁmntlhﬁldh@atveﬁmﬁhﬁéh@gf andtin WARK Giéééﬂ@&impﬁﬁé oﬂ)tfh? hginpeat f
exchanger enhan erc onnected to the outlet port o
t he heat &(%‘Hglﬁ%g\g qﬁ‘r‘i pérﬁ H%F @“’E d? ﬁ’t“‘ggytﬂléboﬁltaé%eé?&m?%‘)é?\ﬁ'Fon
hi ghly ef foetdetpore)ftﬂelueedexcﬁﬂxlgerng system errpl oys a heat exchanger or cool | ng
chanber where heatdls r. m)velg]r %E ui.d and t he hea.ti e cha ger i's
exhaust dri vel CPHEG&H tSVe HSP‘“FF&O eo‘frfsﬁ'{j“}’@ﬁ‘io'ﬂtﬁ}i‘wsf’rﬂ\é‘@ I“§ gr eat er
t han the syiemsuomynsmfg athae egﬂaga Having ftdea hamiki poktiR@ ol oufdt Pert &R alcbaling t he
cool i ng nedi um é{(} . qross t he bod% carr @egr,lthe f%w dto

be cool ed "SAAMS Oﬁe %%{P&m?ﬂ‘?"'&r?at 5t ROTGTF f e AQ g cop letpprsfor To

further i ﬂprcoatmguﬁmumlumvudmg atvhﬁuﬁ:q&hihglgmdrﬁdwluéﬁ th g dafteofiBatoodiighanger
or coohng drive, the inlet port for

er with or é t
the cooling 8‘?%51 e fegt ?}ﬁgan@ﬁ %lt){ )i Olnﬁégoré fﬁﬁ&t?%taengt%ﬁ dsb?f‘ﬁﬂ}ﬂé‘tj& B the
Cr 0SSs- sectupenbdrgenr@aectdd t¢ ﬂheozﬁllathefthe hdat é:daina&gaoay, a ventur i is fornmed to
create a presgure di lf er, entle nd enhance El&%‘ &1 of? CP Iﬂcant
appl i cation for R PRARSHE 'er% 8 P ‘”Y°§ ‘E‘h% ¥ eltwgveifu YUY hi gh
t enperatu mepldyseisteht ekehebgebafooslimg Icmmh@xt wieie et i© rdnfoeedcfogib the fluidnnd hamker of the
di esel en si ons e, redu oved, e e.efficien and
Fuet cons Cishfess i bR Qfen, Bh 0 e it BRI Bind b vl b o o
enbodi nmentlensitypif thy pases mmheahusﬁxlmtmmgﬁb that thdcoalingumdiliviat, Isudhﬁeﬁli‘ migws irdshe i nl et
area for rthh %ogyoc%lggthgﬁmd 'tjor%etcgolg e% out o?'th% cl?amﬁjlélg a%d 1nt¢;c fﬁ‘l Qt(l:stetu eegrvﬁ%gn the -la
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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10 DEC 2004~ WD 01/98722 PCT/US01/ 19892 inlet area and cool4i 8g g 2@01’, ’
i nclude: cooling transmssion fluid, cooling the charge air Q [3 nt o
the int ake WRPWPF3IM of an engine, cooling the coolant for aPCEUH§IMEsENd
cooling the lubricating oil. Brief Description of the Drawings 5 Preferred
and pt her | ents..of the invention are descrj bed bel ow with reference
fo the o BERE RTBE0E bkt Stk FHptplin g caolpieobe chasee s ergaasato
di agr am otheainfekaintingfold éfray eagiieprooling dloc@iolian £ anichBink Bh& codlgans ltﬂﬁcat@c il.
Figure 2 is a schematic and bl ock di agram of an exhaust-driven diesel el
cooling system errpl oy| ng air as the cooling nediumin accordance wt h this
i nvent i onBrisf Deserigti hthedhaydags ve view of the cooling area and inlet
area of the heat exchanger with the cover renoved, in accordance wth
this invention, Figure 4 is a front elevation view of a finned cool er tube
t hrough whi ch Rmﬁerreri@nd othsr pmbedivieats of e ihventioniare describaditebew withRefehinge to the
i nvent i onacd: g Shdneevation view of the cooler tube of Figure

4; Figure 6 view of a cool er tube manifold, two being used
for the cool er %@éslséfblom@dﬁébﬁm@memgmmf adhvid egolingsysted infhedondance Glid this
tubes on {henkysl:t om of the chanber, and the second nanifold at the other
end gof the coaqler tubes on the to&@of t he chanber in accordance with this

20 ifvention; PeYisrielsa schematic g bleple disgraonof aexbensttdrivendivséldhel @hlifg gystem

6 showi NgeiPRyiRCasseme t86ling MBGRINVIN M cdAhERA oler tubes in
dotted Ilneg ?ure el S étngbottom Ia(r:I IV| ew o 19¥1elwrr§]r1ill%@oI d of Figure 6;

Figure 9 is a pl A7 BEFSPRFLHe Vi 05&%®M&ﬂﬁﬁéﬁﬂ¢rmi¢tfa€ﬁ@fﬁhﬁh®hex er, with
exchanger theaov&greflo®ed, aﬂawajrﬁnc@qri&tﬁ@qm;gﬁﬁoﬁut | et port for the fluid to be

cool ed in the heat r and s for serja, flow through the
. cooling tubes %‘Wﬁés?fg ‘faS‘OB?-lf 3#?@1‘2}?@&@@@1&’& vhiehnthe duid tethesnoled
vi evkSof tﬂewbmamdauﬂ@e)iﬂlmahﬁ@hﬂo@f Fi gure 9, Figurel | is a bottom

Phatop' ) unpert Bk ried <pd Blerfoctbgy Sesta Bl ol oidadh o 15" o a T ront
el evation vi evFlgﬁretme angnplao vitwobs &@wreuﬂeanaﬁfcgd,rtm%mgsmed ERRhPEerthB of
o e bt AR bt o ARG S, W N
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



10 DEC 2004 WD 01/ 98722 PCT/US01/19892 1 Figure 16 is a frdnf BiEeQ a203h
view of a WBBH&J'IZ jector that couples the pipe fromthe heat _exchanger or
the cooling area of the heat exchanger to the exhaust tail pfoEUiY%¥he
exhaust tail pipe being shown in cross-section; Figure 17 is a front

el evation Vi eWrRpurd 1@ isvERbaY éleﬂi@ﬁ%ﬂf 6f a Gliats ‘é;el{bﬁgfag?éﬁlgs ful iﬁgtig%; é.é(ilﬁat

exhaust tai lgl?i pe; Figure ISis atqgop plan view O ) or o

Figure 19% aélgﬁre?féi&‘e 198 atraoftherheptrxchanger fpithegxbansy tailpiperwithhe sxliadstti8ilpipe
Fi gure 20 belgahbel ipbrls-¥éetonof a pair of venturi positioned between a heat
exchanger and ? ta'LJ{ |$§r 10 Figure 2.1 is a front elevation view of the
pair of venturt&yf Ssu o eleppting wew ofjthe yentpy ejfcior ofi Rignisf16aseparate from the
al t ef nat i eghagntailpipepl aced inside of the tailpipe;, Figure 23 is ‘a right
side elevation_of the. alternative nturi of Figure 22; Figure 24 is a
front el evati Oﬁlgyfee%egfatpp,g&l;l&q»&#&ggeﬁoggﬁ@:gyg IFEi gure 25 is a front

el evation vi ewFiglrd Heiswarrspettialf viel 9f iR vRRtupiadjédta diFigiteSIM$S; Section in

15 pl ace insidg. the,exhaust  pipe and; Figur 6 i.s a.to | an view of the
bot tom | umper M 2] B 4P bty of bats afLentyes positnad beween gt schanpsr ande

cool i ng t taildpef the nediumto be cooled in accordance with this invention..
Descygd ption of t s at L.ents 20 |t oul d he.noted that the

desi {;dnat i on of F?lg#éeué]] %S%e%g% (f)ép%?(}{[eﬁgé'sofg}fﬁpfg %&e]%%c%ﬁlg%ﬁgﬂom front,
back and so f oFighre 3%isfadep planudew ef avaltqmative vestur pliaced insite of thd @ilpipti on on
the orientati op; . Xﬁilﬁ@. se. The.general fluid
cool i ng Syste%ﬁ#ﬁ%ﬁﬁrﬁ@%ﬁ%&éﬁlﬁgﬂ%ﬁ%ﬂzc enat‘}le@télﬁlo?i?ilg{“??g’ure 1 of the

25 drawi ngs. FFignee st front gleystion vigewobtierventur o Bighte@2pi | , | ubri cating oi |
or cooling oilgj Lelay | e ..
FUrher | ool udpgi 2EEROR clevalofl VilPRE 18 VEnBAURIRE oF pothBy I e Tasetiga e
3 ant® anPHsesideile exlp _1P?H’éd;fl uid to be cooled. The heat exchanger or

cool i ng chamberigard 26 i Be6p HIAE VILIEST théBottddh ﬁﬁnﬂé?&fan&o@figro : agU%%ﬁ%%ég?&tpaﬁaﬂei

for the cqoli dium The inlet port 3 IS connecte .30 contai‘ner
of fluid “b@?%’ggldé%?f’@ﬁg %P%Hasctﬁ%fhg@ﬂo be coeled inagcerdangsevitpthiniaventon. a
plurality of finned tubes between the inlet port 3 and the outlet port 4
of the ch 8L 24 Fi rg_s 3-: 5. ,The system further includes an area of use
i ndi cat ed%c—?ﬁé .0 V"Sd,a*#iab—agﬂ—@e!éée L pled to the outlet port 4. To
enhalice fl ow through the cooling chamber or heat exchanger 2, the outl et
port 6 is -3

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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_10 DEC 2004 WD 01/98722 PCT/US01/19892 1 connected to an 3xir]1 g—g:pz(gﬁ 10
through an inlet port 12 of the exhaust pipe 10. The exhaust 33 '

coupl ed to"%Pﬁi’é’W%e, such as an internal conbustion engi ne, PGHIEH/19882 be
the area of use 5 or an independent unit 11. In either case, the exhaust

of the s | led thro t he exhaust pi 10,, 5 Details of a fluid
cool f|]ng g% é‘?‘ggr%{ e%&é%’f ?’%ﬁ?uéﬁ ye Eggtixﬂi‘gti ?)U;(mg‘ité B%th’g@e eaanst pige 404ifke gxhaust pipe
i nternal doedupiiton devige,sach asarsintnmal bﬂmﬁhs@i@ﬁ%ﬁlgiﬁc%&%ipﬂ'ﬁ@y be ]gléﬁre@oﬁﬁﬁ 5l Y%
system w t : ne.in _schematic ck. di agr orm i s shown
S qur o iePiep iy SO BesfeadB SR8 PN e S g et g hp gt pipe
cool ed. THE. system further includes a cool er chamber or heat exchanger 22,
whi h ' . I rt for t uel, .t o .be .
ool ol The- chonpas b8 A bolle slesd b BRhefi s isne| Fial 8%t it £ eSet iposcpa
31 and ancewbpsiongseinedis shown imBigutrsl2-2ly Thedisewf 2 wholidg systemhivish & dizeel dngine in
air. The gtHdndiy i th L esel .

i nt er nal gomusfgggibleoﬁﬁidﬁggﬁgioﬁl?%%ﬁgﬁgg%rg%éthe%#e%é}#g%ﬁ?&ﬁég% Of §toring
coupl ed t &rathe takeeepled.iHiesystpa futtharfuchides a conler chamben arheatiexdmgger 22 Whinh las

pi pe 35. Fheniexhtatst afd | | &S f.f 9
cat tic_.cqonverte %%%%g?"gfreéb?lﬁgg? %jitpg?i@;gwport i (1)% g[.}e ck@%q%reoré%g%teé{ﬁ?anger 22
furtter i iﬁ‘t’&t?aé@ &5 an fnletipogtd 1and ap eulleftnor3 2 for the goolingtmestiwmt Which in this cazeyis

32 and thp. TXBa ' ' b3 ' ; i 0aned
such as agzi nt %tf@?%gﬁ%%%ﬁcg h t .gﬁ%bsgﬁﬁ ?ﬁﬁ@éﬁgb&esgﬂ%?%%mpﬁg%gﬂb
fuel . The itﬁfoé‘ﬁﬁérglp? 78 cHhspealing medingy isrcoxnled ip dhe swhaust Bilpipecdicthe tinterind
chanber 22oibugieghenghe Iy @Pipia%t. B exhlgstipipyoahe @Kéﬂé&ﬁx@lﬂ%&?yﬁﬁépﬁ ahd'$

openi ng i nt.o t.he exhaugbbééi OW- pressure

i pe. 34 for. thé pipe 35 creates a
area rel atf GORYFEteD &@‘FEMH’B‘?B‘E“%%‘ECOOI i ng chanber 22 experienced
by htli‘i:et ait r. I AsTke systese fuumh Bﬁ%cm_ﬂf_geea wlffflﬁl‘![i Q3Vat tPB g?ﬂllﬂ otz b@ﬁgb!eﬁ "theacﬂﬂ7 ] let ﬁoﬂét ’3% and
exhaus i S ced. e inlet .po .S an_orifice ¢create
by a coveleAgnagspis 34, it amr may e prifie. o4 cankine medinm, sueb 2 Gbien abotlowm
cool er mathirbugicthe toiling chamber 32tb edolahefuel Mhenirenteld the tletnter 27 tiadebhan Al port
heat exch ol C er I S Qwn S l.ed i igure 3 with
t he exter ?gr%s& 7 gﬂ% g%/)ee‘lrﬂjm?%oeir ?20%515% é’g‘? 8}'@?@ Ry gf Fivg% ﬂ@ws?p?‘ﬁégft@ SIS RFTeNSShe
of the chepdning o ithe bxtoast ailpiparsdl for yhepipefisnereates @ ddvepréssine iretOrelatiiiecd the
are i x | -1 f @r iUl i |._engine. The ¢ool er tubes 40 .
car rzg? t heﬁﬁeg%‘#@ gﬂc})et & rC%r?e it %rbié%‘ %@gfl%%?e? ihyotaa I HaS BIFSFAreRss, ow
detai | of threrghtbepenlen andde theaghiust tilpipe i$ enhBhepdr Te inletpart31 iTaeorifidectl dramed
a nunber fobths 7H1 Jav %}Jﬁh : £l 4 |, that . s
flow ng i Bjs’ |a§ et I"l@, %%dgfneﬁlal_jt&%%ﬂgg g’4 t OQE%% 1@%@5 tﬂpietﬁp 3]] &Ié%t(% 83‘%:1%1&“??{301‘55 to.
chanmber 2Werinlet fren shown inddigures 6ppandBl er tube manifol d 42 and a bottom
cool er  nani f ofi 3 oxbhRSRr BPRICALE Bsdetifid 1Ry
in est ail in Eb?ur esex6- %?g%rliac h _n%niﬁ%[é%é%ggs éﬁé& S asgﬁainpl r aPﬁ@%@g%ﬁ@g
44 MiPth aCWRABIRROVER Refrmng fo Righieds Biecaoking ara elghe phambsn 22 inchidgia phirality o’
Z I rcunt er fifn&l doler febe8 a0! Which tRaSx Mthuintbel, $6£4 Véhi@iar e tneida® THO Rb&ikr Ltk 40
n .
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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[ be 45,0 o er
-4 10 DEC 2004 WO 01/98722 PCT/US01/19892 1 inner tu _ Ig&
tube 40, as seen in Figure 5 nates wth the opening 46 |f‘iéh® rﬂoaoliﬁ 42
or 43, toWdnewsg7azhe fluid to be cool ed through the manifol T’&ﬁ’ﬁ%get aigl
chanber al so includes a bottom cooler junper manifold 50 shown 1'n

i i ; | f ol , figures 9-11, is dinensioned to hqvepassa}ges
:‘(r)]rlF: ggrgﬁgﬁ%ﬁ%é%% g*e c“tc‘))ﬁ%égu%fd@a eeBIQ%lgH@v%mtha%wemng de nfﬂ?llﬁﬁmgdd
tubes. Atpasdhde caty tierfudd tabe adihld:d\ihf Pdi ruég?ngé %P%?"‘?ﬂ g*gg é@ﬁgg@%ﬁ%mﬁnw& e
l(;ioghrecei ?g%ﬁgﬂgh@r%ﬁé&wm%@%ﬁ%ﬂe '&F@@S:Qnﬂ-thé top cool er tulﬁg

mani fol d 42 tawifeldF0,Figurps %—éinedimeuﬁﬁBﬁédthpﬁbﬁg?sfli%mﬁ%{Haé Jaap#(,g}eggugc% &g AR

passage Spede SAUbERtoo NS A miitegt SEvess e iletamat Rotha Buidhe fidito ¢
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Placement of cooling system when used as a fel cooling system on an electronic controlled

.25 diesel engine is important. Electronic unit injected engines that have a fuel temperature sender as
o 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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40. The c 0] . es, 74 c er gt en the cooling cha r 22 as
assenbl edlg) %hgjﬁlg ooff‘gagl%#)@%gﬁ%‘ﬁ? 1n§§§9:e§r CRagalis RYe 1§ ‘(f‘ﬁ% As noted
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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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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
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surface 110 that corresponds to the curved surface of the exhaust
in which P& venturi was

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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chanber poottiobtemperature 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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t5 663 f ﬁequie Whenrthe eystera $smsed au\/aehargagr @u@lbﬂ;&]%é éfh%ld?{ raf¥liP Eredfad o \}‘ﬁe intake side
Wo- i nc ates .and tenperatures qccur when usin
the ex hau%ﬁ’ven?&%‘a%é&orI%Plgqﬁ?%geﬂsfggﬁ?a& exchanger ’P% cerpio¥edn rate. One :

reason t oteepildpt exhaestigasds wiiers the exlstigdseppase through gatifeds: cﬁ’ftﬁé@ddhﬁ% r‘ﬂ%& 40
engl

d. f | di
nerm i s Eooled SYRNETRA:Es 35 Rihafeanbin 8 “ombuiiet i o Gropnbist o

|ntroducedeqm¢ulatmhe conbusti on chanber of the diesel engine as uncontrolled

tr et ed on EEE’Iiﬁ%fo**%?f??e&éﬁ%%ﬁﬂfw?mﬁ“%sﬁﬁ%@"eo&tbéﬁ?°'g LR be g haggl other
exchanger itemg rifbersthi bgwids, tsuctoaodledimhicsonmpontnty as espratide @ nidags fof ReplSing BERS
pass thr OHﬂbeﬁEH?cbﬂﬁﬁéﬁlﬂgég%e:ng cooling tubes 40 10 and the cool ed

exhal%st gases are reintr into the conbustion chanber as the exhaust
gas recircul aﬂtbwghm@eﬁé‘ihmb@dln‘t@etS@lﬁﬂm:ﬁhmdQménigsystebmheveﬂaéf[sm‘wﬂéiﬂdescnbed

cool i ng NEsdwNtER hveR oS 8ndtanEaed t&gie&% S%eans S EmbBiARh “Bﬁptalﬂllg $§c R)/%;ﬂna

as el ectroni c..copponents or to provi or rep am h

ai r condi FYERAMRY LY dedstermined & claineth pref err ed enbodl ments of the fluid
cool i ng 'system have been shown and descri bed above, the invention is not
limted to these specific enbodi ments, but rather the scope of the
invezrati onis to be determned as clained. 20 25 30 -10 r 10 DEC 2004
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What' is claimed is; | . Fluid cooling system conprising a heat, exchanger
having at |east one inlet port and one outlet port for a cool1i®gDrE{()i2@1@4
and at | east one inlet port and one outlet port for a nedium to be cool ed;
the inlet powhafRrcldib@d¢eol i ng nedi umincluding a venturi opening; and a
second venturi having an inlet coupled to the cooling nediumoutlet port.
2. Afluid cooling systemin accordance with claiml wherein the second
venturi is nountied im [ : ' j i

system conpri sing a he ‘?@%@éﬂﬁgﬁgﬁ?ﬁh‘%‘? I?lggm%? h%@%é@%%%%‘ﬁbé@%%?&%ﬁ%p%‘ﬁé*nd
outl et port FHOURe % g caeling meding and af leaz oneindetipartend poe butiat gor fier aantHRim
port for a nedicWBolddo e : | ti - LOg,; Edi ym

i ncluding a venturi ,open?%g?blgg%r tglg??dgvnégﬁgg@ggglgglggﬁgﬁgvﬁgﬁg%@%8§IaiSr?éfond
medi um outle‘t’e“ﬂH}{‘a‘E‘Bg am ¢t ceppled tyths gpelingmediom outlet pomi d cool i ng syst em
conprising a heat exchanger having at |east one inlet port and one outlet
port for a cooling nedi um and at |east one inlet port and one outlet port
for a medium to<be cOdilEdcopling sysiear ingeeardinne witieclaiooll ivwhgreie thesecomtyardinigs
a venturi opashiied i@@ﬂe@aﬁét%e Massaghecoupl ed fromthe cooling medium
outlet port to an inlet of a turbocharger. 5. Afluid cooling systemin
accordance with any one of clains 1, 2, 3 or 4 wherein the heat exchanger
has a chanmber haging Blud edofink bystdh SRR ﬁ%&? L 5

exchanger for ser.i I%Howt r%u%h the ﬁubﬁ%a%ﬁl‘ép?%g d%ﬁgnnégq%agﬁ%r%gﬁgﬁs&%@d
A fluid cooﬁ”ﬁé’“%lﬁéﬁ oF & colinsrmedive apd ehleasi pnondet ppriend pagoutlet pors fara medium
wher ei n  hetofteadoofods (et foastcd (B biolingledRfimGRAAAG 4 Wi BPLAE s S,
t he heat exchanger h@@ cot%l [ ngl.cha er for parallel flow 01} e rumto
be cool ed t HPSHER PHRIed figaythe-pooling me febporiyic 3 igleg tes supesthgraes, a

di esel fuel cooling systemconprising a heat exchanger having at |east one
inlet port and one ou]téﬁz& e rt f?r a cool.ing nedi ym and at | east one inlet
port and one outiet p FO9rDE BEerE ORI texchangen hatinggieast e inlgport and
cool i ng nediammoutel pot foga caolinhediimane ai logst oadthlA@PoERABEE oMBA oKL Forl 0REE R

in the exhayst,.p i | truck and pipe,coupling,the outlet

port for thggggo Olgﬁcéi? ftrr%%?ﬁ%%?@ﬁ\rtﬂﬁeec% e f%?{ﬁ?{%}ﬂ@@}ld% Yleélt'%hlog?ﬂ%; aidea flow
exhaust venthdssage teuplod BB (2O Cdolthg Aeditmsmritief pet tocaninien of 3 yiabedhatder.
accordance with claim7 wherein the exhaust venturi includes a curved

surface matable in a venturi coupling opening of the exhaust pipe, and
inclined first aAd setdhid prdingsystomne eteulddnge with amyrone df slaithat 2, BorfdowheRin

| ith — f i h d  f i
Ve coupl | norofet Hbihee e AR Ut pBID s B BB i et
at a | ocati cichangentor serd floyateenghrtberiubhe otthe vedisutd beeool&d. Fl ui d cool i ng

system conprising a heat exchanger having at |east one inlet port and

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



one-outlet port fora cooling nmediumand at |east one inlet pﬁg} C@Et 4
dutlet port for a nedium to be cooled; the inlet port for t I'@@

medi um i ncl udi ng a venturi opening; and in which the effusion rate of the
cooling nediumfromthe heat exchanger is enhanced by a venturi connected

to the outlet port d&fdiend fueheoodingrrpger inf ancordanca vi |Qignh~édvlm¢mﬁbe efdnws(d
cooling s e HIAR Y/ &gr?é

and oge gﬁ%rffﬁ%ﬁfémeb b&@e@s%ﬁzf%l ng rredl %ﬁ]yeg{l% ddﬁg f?éi;\‘ét) iﬂﬂ(l?e%h% :P%

one out | et lqsbmdg fang] Sﬁwdmhtemnb@cte,@mﬂwuww@urfmeetp foren @vqlumem@l tb@@lwn@
medi um i nchygiBend ﬁ%ﬂh&h"ﬁh %P&@'cﬁﬂfe?@ﬁ'gaderfn%'c%ﬂg]hlt[%%peﬁmé"lﬁﬂ 1n%%§p%&n‘y?§

cool i ng nedi um at the out t port o ance

t ur bochar g&#d elwmecien thopippat lecréan igdhe pipe spared fivoa %@ﬁ@dgé? acej ], FI ui d
cooling system conprising a heat exchanger having at | east one inlet port

and one outlet port f.or a, cooling nediumand at |east one inlet port and

one outl et port?-f or Firideeplingsystemsempssinga heat gachapgathapivgnt leeyt ongialeg pert And

medi um i nchgdbigse aoff%fta%bhﬁ@ﬁl@aml an’a%eagt dM%'n?lE‘t ;fd?feanded‘nwﬁﬂ%oh%fea Rdhdie

cooling nmediumfromthe heat_ exchanger at the

exchanger fabesioniade g ippt Iwrtsf@p@«e@ﬁ@hwe@@mné@u@ag ﬁé’elﬂtﬁé‘ opeRipg:ang in tvhwh there

Zeat gz ch aggﬁsg%n e of the cooling mediwf Frot the Beat EkdHa R PPN 365 BEMnER: confiéeted
---- X
to the outlet port of the heat exchanger for the cooling medium.

10.  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 in which the
effusion rate of the cooling medium at the outlet port of the heat exchanger is enhanced by a
tarbocharger connected to the outlet port of the heat exchanger.

11.  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 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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