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1

METHOD FOR (.'OOI.ING AV INTERNAI.
CO»IBUSTIOlv EISGINE IIAVLVG EXHAUST
GAS RECHICULATION &VB CHAR(*'E AIR

COOI.INC,
5

BACKCiROUND OF 'I HE INYL'NTION

1. Field of the Invention
This invention relates to a cm&ling system I'or inten&al com-

bust&on engu&es used u& trucks and other motor velucles u&d, u&

&n particular, to a cool&ng system uulizing a charge air cooler
m&d m& exluiust as mmler in combination &&i&b a radiator.

2. Descnpt&on of Related An
Stricter emissions requirements have forcixt the use of

partial exhmist gas remi rculati orms a means ofachieving more
complete combustion, and this lms necessitated the cool&ng of
the rccirculatcd exhaust gas before introducing it into thc
engine intake mamfoki. FICi. I sho&vs a typ&cal heavy duty
truck cooling system having a liquid-cooled exhaust gas
recirculation (FCIR) cooler Tlho engine coolin systcni con&- zo

prises an internal combustion engine 20 utilizing conven-
tional liquid engine coolant. The liquid coolant heated by
operat&on of the eng&ne exits the eng&ne throuJ& l&ne or hose
61 and passes tlu ough a thermostat 30. If the coolant is below
the thermostat sct temperature it is passed tlwough linc 63 to "

coolantpump32andbacktluou hhne65totheen ine.lfthe
coolant is above the thermostat set temperature, it is sent
through hne 62 to otherwise conventional mr cooled radiator
22 where ambient a&r tlo&v 60, 60u m&d 606 passes tlu ough the
radi~tor by nmm&s of a I'an (not shown) as well as nx&vcment &o

of the vehicle u& which the engine is mounted. The cooled
liquid coolant then passes tlu ough lines 57 and 59 back to the
coolm&t pump before rcturnmg to thc cnginc

I'or m&xture w&th the I'uel, the engine utihzes u&let mr 40
tint passes through a filter (not shown) and is compressed by "»

a turbo- or supcrclmrger The engine system depictcxi herein
uulizes enguie exhaust gases ex&t&n tluough lu&es 50 and 54
in a turboclmrger in which turbine 26 drives compressor 28
After passing thmugh the nirbine bladea the exhaust gas exits
through line 55 to the exhaust system (not shown). After sr&

mm&prcssiim, the charge air passes through line 42 to air-to-
air charge air cooler (CAC) 24 mounted upstream of radiator
22. The cooled charge air then exits ('A('4 tlu ough line 44.

A portion of tlm exhm&st gas oxiting through linc 50 passes
tlu ough hne 52 and tlu ough an EC&R valve 48. The exhaust ss

gas then passes tlwough line 56 to I IOR cooler 34, which is a

liquid-to-air heat exchanger that cools the hot exlmust gases
using the cooled liquid eng&ne coolant entering tluough 1&ne

57 Because brazed aluininum heat exchanger constructw&n is
not capable of w&thstandin the lugh exhaust gas tempem- o

tures, typically, such an ECik cooler must be of hive-ten&pem-
lure heat excluiuger construction, that is, mndc of materials
able to w&thstand h& her temperatures than brazed alununum.
such as brazed stainless steel, brazixt cupro-nickel. brazed
copper. and&belike. The cooled recirculated exhnust gas then s

exits the EOR cooler tlwouoh line 58, where it mixes witl& the
coolod charge air from linc 44 The n&ixture of coolcxi recir-
culated exhaust gas and charge air then procecxts tlwough lu&e

46 to the intake manifold 21 ofengine 20 for mixture with the
I'uel and tlmn to the &n&gitm combusti&m chambers so

'll&is system has tv;o disadvantages: I) the high cost of
stainless steel or other hivh temperature F(iR m&oler con-
struct&on and 2) the cooing lim&tat&on resultu&g from the use
of engine coolant at approximately 180" F.

FICi. 2 shows another prior a&t hcavy duty truck cooling r
system in which the exhaust gas wluch is to be rec&rculated &s

&nixixt with the hot charge air coming from the turbocharger

for cooling in an air-cooled hear exchanger. Since the liquid
m&gine coolant does not need to cool the exhaust gas, the

1&quid engine coolant passes tlu ough hne 57 from mdiator 22
and back to coolant pump 32 for return to the m&g&ne The hot
exlraust gas exiting I&CiR valve 48 passes through fine 56
where it comb ines and m&xes v ith compressed, heated charge
air in line 41 exiting compressor 28. Thc combined heated
exhaust gas and clrarge air then passes tluough line 43 to a

brazed stainless steel combu&ation exhm&st gas recirculat&on
and charge air cooler 24'pstream of radiator 22. Altema-
t&vely, the comb&nation exhaust g&s rec&rculation and cluirge
air cooler may be made of other high tcmperaturc constn&c-

oon such as ihe aforcn&entioncd brazed cupro-nickel or
bmzed copper After tl&e charge a&r and exhaust gas are cooled
by ambient air 60 p~ssing through ('A('4', tlm cooled com-
bined exhaust gas and charge air then pass through hne 45 to

engine intake manifold 21. This approach does allow the
recirculated exhaust gas and charge air to be cooled to a

temperature close to thar of the amb&ent cooling a&r. wluch
will always be nuich less than that of the engine coolant.
Ilowever, &t does not solve the expense pmblem related to
high temperature resistant co nstn&ction and. m fact, increases
the expense by rcxluiring stainless snml or other expensive
h& h temperature matenal to be used &n a very lar e combi-
nation EGR/CAC.

Inadd&t&onk&lravinglu hn&a&ariel costs,priorsystems aud
methods of cooling charge a&r and/or rec&rm&lated exhaust
gases in an internal combustion engine have not been able n&

utdividually tailor thermal perform u&ce ol'ndividnal heat
exchanger units u& a space-saving package.

SUMI&&LARY OF Tl IL IIA L'NTION

Beanng &n mind the problems and deiic&encies of the prior
art. it is therefore an object of the present invention to provide
an improved system and method of cooling an internal com-
bustion enyne. mcluding char e air cooing and exlmust gas
coolina, which achieves cooling of the charge air and thc
recirculated exlmust as to near amb&m&t tmuperaturcs.

It is another object of the present invm&tion to prov&de a

system and method ofcooling an in tcma I combustion engine,
u&eluding chame air cooling and exhaust gas cooling. &cinch

allows the use of lower cost materials for the cha&ge air and
exhm&st g»s coolers

A fi&rther object of the present invention is to prov&de a
system and method of cooling charge air and recirculated
exhaust gas &n an &memal combustion eng&ne u.hich saves
space &n a combined radiator, ('A('nd EC&R cooler package.

Yet m&o&her object ol'he present invention is &o prov&de a
combu&ed heat exchanger package for an internal combust&on

engine that permits t ail onng of therma I performance of mdi-
vidual beat exchanger units u ithiu the pnckage

St&11 other objects and advanta es of the uwent&on w&11 &n

part be obvious m&d v ill in part be apparent from the specifi-
c»tn&i&

The above and other objects, which will be apparent to
those skilled in thc art, are achieved in thc present invm&tion

uh&ch &s directed to a method md apparatus for coolu&g

charge air from a turbo- or supercharger m&d exhaust gas
recirculated from mi exhaust gas recirculation valve in an
internal combustion engine composing provid&ng a radiator
for air cooling of liquid m&gine coolm&t frim& the internal
combust&on eng&ne and providu&g pamllel charge a&r and
exlmust gas heat exchanger units. The charge air heat
exchanger unit has aluminum tubes and tins for air cooling the
charge air. and the exhaust gas heat exclmnger un&t hav&ng

mbes and fins made of a material resistm&t to higher operat&ng



tjs 8,037,685 B2

temperatures thmi aluminum for oir cooling thc exhaust gas.
The charge air heat exchanger and the exlmust gas beat
exchonger miits are each disposed adjacent a face of the
nidiator to pcnuit ambient oir to flow in series through thc
radiator and the charge ahr and exhaust gas heat exchanger s

units. The method then includes passing the charge air from
the turbo- or supercharger tluough the charge mr heat
exchanger unit to cool the clmrge oir, passing the exlmust gas
I'rom the exbmist gtms recirculation valve through the exhaust
gas heat exchanger unit to cool the exluiust gas, and combin- ui

hng the cooled clmrge air and cooled exhaust gas for passage
inui an intakh: manifold on thc cngmc

Preferably. the exhaust gas heat exchanger unit has tubes
mid tins made of stainless steel The radiator nuiy comprise
two umts. with the charge air heat exch mger unit being dis-
posed adjacent a face ofone mdhator unit and tlie exhaust gas
heat exchanger unit being disposed adjacent o face of thc
11ther radiator unit The charge ur heat exchanger umt uid the
exhaust gas heat exchanger unit may have different core
styles, such os ditfi.rent cori: depIh, type of fins, fm spacing, o

tin count, tube spacing and tube coiuit.
lite charge air and exlmust gas heat exchanger units may be

disposed hn parallel adjacent a same face of the radiator to
permit ambient air to tlosv in series throuvgh the radiator and
the charge air and exhmist gas heat exchanger units.

The charge air and exhaust gas heat exchanger uruts maybe
disposed downstream of the mdkator with respect to ambient
air flou to penna ambient oir to flow ui series tirst hhrohhp the
radiator and subsequently tluouvph the charge air and exhaust
gas lmat cxchallgel iil11ts, ol vice"vclmi "(1

The charge air uid exhaust gas heat exchanger umts may be
disposed adjacent opposite faces of the radiator. with the

charge air hail exchanger unit being di spo sext upstrh am of the
radiator and the exhaust gas heat exchanger unit beuig dis-
posed downstream of the radiator. This permits nmbient oir to "»

flosv in series tirst Ihrough charge air lmat cxchongcr unit

having aluminum tubes and tins uid then tlu ough the nsdiator,
ond pchmits ambient air to flov, in scrics throu/oh thc radiator
and subsequent ly through the exhaust gas lmat exchanger uni I

having tubes and fins made of the higher temperature resistant srh

material. The nidiator may alternately comprise two units,
with the char e air beat exchanger unit beuig disposed
upstream adjacent one radiotor unit and the exhaust gos heat

cxchangemunitboingdisposcddownstreamadjacent theother
radiator unit. 111e charge air heat exchanger unit and the ss
exhmist gas heat exchanger unit may have different core
styles, and each radiator unit may have a different core style.

Alternatively, the charge air and exhaust gas heat
exchanger im its may be a tirst set disposed d own strewn of the
radiator v,ith respect to ambient ahr liow to permit mnbient air c

to tlow in series first tlhiougvh the radiator and subsequentlv
tluough Ihc lirst set of charge ohr and exhaust gas lieut
exchanger units. 'Ilhere may be further provided a second set
of charge oir and exhmist gas lmat exchanger units, wherein
both heat exchanger umts in the second set have olununum s

tubes and furs for air cooling the charge air and tlie exhaust
gas. The smnmd svt of charge air and exhaust gas imat

excluinger units are disposed upstream of the raduitor to per-
mit ambient air to flow in series tirst through the second set of
charge mr mid exhaust gas lmat exclrangcr units and subsc- ui
quently through the radiator. The partially cooled charge ahr

from tlm cluirge air lmat exchonver unit downstreani of the
radiator hs passed tluough the second charge ahr heat
exchanger unit upstremn of the radiator ui fiuther cool the
charge air. The pariiafly cooled exhausr gas from thc exhaust r

gas heat exchanger unit downstream of the radiator is passed
through the second exhaust gas heat exclianger tmit upstreom

of the radiator to further niol tlm exhmist gos bcfiire combin-
uig the cooled clmrge ahr and cooled exhaust lass for passage
to the intake manifold of the engine. At feast one of the charge
air heat exchanger units or exhaust gas heat exchanger units
may hove a different core style. The mdhotor may compnses
nvo suits, with the tirst set of clmrge air and exlmust gas heat
exchanger umts downstream of the nsdiator being disposed
adl aceat one radiator unit and the second set ofcharge air and
cxfmust gos beat cxclranger unius upstream of thc radiator
being disposed adjacent the oflier radiator umt. Each nsduitor
uhut may have a different core style.

In another aspect, thc present invention is directed to a

method and apparatus for cooluig charge air from a turbe& or
supercharger mid exluiust gas recirculated from an exhausr
gas recirculation valve in mi internal combustion engine com-
prising providing a mdiotor for air cooling of liqmd engine
coolmit front the internal combustion engine and providing o

p nr of combined churge ur cniler uid exlmust gos cooler
heat exchanger units. A first one of the heat exchanger units
has tubes and fins nmdc ol'a motorial able to withstand higher
opemting tempemstures than alumimim, and the second of the
heat exchanger units has aluminum tubes and fins. 111e heat
exchanger uiuts are disposed adlacent the radiator to permit
ambient ahr to tlosv in series tlu ough the radiator and the heat
exchanger units. The method includes combining the charge
air from the turbo- or supercharger v 1th the exhaust gas
recirculated from the exhaust gas recirculation valve, pa as i noh

the combinnl chnrge nhr and exhaust gas through the tirst heat
exchanger uiut having the tubes mid fins made of the higher
tcmpcrature resistom nuitcrial to partiafly niol the cmnbincd
charge air mid exhaust as, prmssin the parthafly nioled nim-
bined charge air ond exhaust gas tluough the second heat
exvbangcr unit fmvin thc aluminum tubes imd lins to cool thc
combuied charge ahr and exhaust gas, and passing the com-
bined cooled charge air and exhaust gas into an intake mani-
fiild on the engine

The heat exchanger uiut having tubes and fins made of the
higher temperature resistant niateriol. prcfi:rably stainless
steel. nray be disposnl downstreaiu of the radiator v,ith
respect to ambient cooing air liow to permit ambient air to
tlow in series tirst through the radiator and subsequently
tlu ough the heat exchanger unit having tubes and fins made of
the lfigher temp e rani re resi stont material. 1 he heat exchanger
unit having aluminuni tubes mid tins may be disposed
upstream of the radiator with respect to ambient cooling air
tlosv to permit ambient oir to flow in series first tlwough the
heat exchanger umt lraving alununum tubes and fins ond
subsequently tluuugh the mdiotor.

Thc radiator moy comprises two unit~. with the lirst heat
exchanger unit being disposed adt scent a face ofone radiator
unit ond the second heat exchanger unit being disposed adja-
cent a I'oce of the other radiator umb Eacli of the lir t nnd
second heat exchanger units may hove a different core style,
and each radiator unit niay have o different ccrc style

In a further aspect, the present invnition provides o method
and apparatus for cooling engine coolant and charge air from
a uirbo- or sopnchargcr in an internal combustion engine
composing providuig a radiator for nioliog engine coolant
having opposite front and rear core faces through which
ambwnt air tlows, andopposite uppcrandlowerendsadjaccm
the faces. ond Providuwe a charge air cooler for cooling charge
air having upper ond lowem units I',ach charge oir cooler unit
has opposite front mid rear core faces thnhupvh wluch ambient
air may flow. and opposite upper and lower ends adjacent the
faces. Thcupperchargeaircoolerunitisdisposedinoverlap-
ping relationslup ond adiacent to the upper end of the radiutor.
wherein one face at the upper end of the mdiator is disposed
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5
adjacent one face of the upper charge air cooler unit, and the
lowmr charge air cooler unit is disposcxi in overlapping rela-

tionslup and adlacent to the lov;er end of the rad&ator with the
upper and lower ends of the lower elmrge air cooler unit being
oriented in the smne direction as the upper and lower ends of s

the radiator. wherein the other face at the lower end of the
radiator is disposed adjacent one lace ol'thc lov cr charge a&r

cooler unit. Each charge a&r cooler um& has a d&fl'erent core
style selected from the gmup consisting of core depth, type of
linx lin spacing lin count, tube spacin and tube mmnk The u&

charge a&r cooler un&ts are operatively connected such that the
charge nir may tlow tlmrcbetwmen Tlm method includes flow-

u&g. the engn&c coolant through the raduitor to cool the engme
coolmit. flowing the charge air from the turbo- or super-
charger in scqum&ce through the charge air heat exclmnger is

un&ts to cool the char c air, nnd floiiu&g cooling air tlm&ugh
the heat exchanger assembly such that the cooling air flows in
series tlm&ugh thc upper cnd of the radiator and thc upper
cha&ge air cooler iuut, and the coolmg air floiis in senes
through the lower charge air cnoler unit and the lower m&d of ".o

the raduitor. At least one of the charge a&r cooler umts may
include cool&ng for recirculated exlmust gas.

In yet anotlmr aspect, thc presm&t invm&tion provides a

method and apparatus for cooling engine coolant and charge
air from a nirbo- or supercharger in an internal combust&on -"'ng&ne

composing provid&n a radiator hewing upper and
lower umts for coo 1u&g engu&e coolant. w& th each md&a&or unit
having opposite I'ront and rear core faces through which
amb&ent cooli&ig air flow s, a depth between the front and rear
faces, and opposite upper and lower ends adlacent the faces. ""

The radiator &u&its arc operatively connected m&ch that thc
engu&e coolaot inay Ik&w therebetw ceo There is also prov&ded
a charge mr cooler having upper and lower units for cooling
cia&&go al&; ivlth each chal'gc all cocle&'l&lt 11&lvillg opposite
front and rear core faces thmugh~hich cooling air may tlow,"'&d

opposite upper and lower ends adjacent tlm faces. The
upper charge air cooler unit is disposed in overlapping rela-
tionship m&d adjacent to the upper radiator unit with the upper
m&d lower m&ds of the upper charge air cooler unit, wlmrein
one face of the upper rad&ator uiut is disposed adjacent one so

face of the upper charge air cooler unit, and the lower charge
air cooler unit is disposed in overlapping rclatiimship and

adjacent to the low er mdiator unit, where&n the other face of
the le&ver radiator unit is disposed adjacent one face of the
louerchar eaircooleriu»t Fachchargea&rcoolerunithasa sx

d&fferent core style selected from the group consisting of core
depth. type of fu&w fin spacing. Iin count, tube spacing and
tube count. The charge a&r cooler un&ts are operatively con-
nected such that the charge air nmy flow therebetween. The
mc&lu&d then includes floiii&ig the cn ine coolant ui scxluence so

through the rad&ator umts to cool the enguie coolant. flowing
the charge air from the turbo- or superclmrgor in scxlucncc
through the charge mr heat exchan er urn&a to cool the charge
air, and flowing cooling air tluough the heat exchanger
assembly such that tlm cooling air flow s in series through tlm ss

upper radmtor iuut uid the upper charge nr cooler u&ut, and
the cooling air flows in series through thc lower charge air
cix&lcr unit and the lower raduitor cunt At least onc ol thc
clmrge mr cooler units may include cooling for rec&rculated
exhm&st gas. Inch radiator unit may have a diffi:rent core so

stvle.

BRIEF DESCRIPTION OF TIIE. DR.VVINGS

tration purposes only and nre not draw:n to scale Thc inven-
tion itimlf: however, both ns to organixatimi and metlxxl of
opc&ation, mny best bc understood bi'cfclcllcc to the dctni 1 ed
description v,hich fi&flov,s taken in conjunction with thc
accon&panying dmwings in which:

FICi. I is a partially schematic view ol'a prior art internal
combustion engine cooling system

FICi. 2 is a partially schemntic view of another poor art
internal combustiim engiiw. cooling system ah&ming in side
clevational viciv the relative placement of a combined
exhaust gas and charge air cooler with respect to the mdiator.

FICi. 3 is a graphical depiction ol'percent ofnoix&i&ill&11 lied&

trnnslcr as a function of number of rov;s ol'tubes in a single
heat exchanger core

FICi. 4 is a partially schcmntic vieiv ofone mnbodinmnt of
thc internal combusuon m&gine cooling system of the present
invention showing in side elevational view the rchtive place-
ment o I'exhm&st gas and charge &or coolers w ith respect to the
mdmtor.

FIC&. 5 is a perspective view of the charge air cooler and
E(iR gas cooler used in some embodiments of the internal
coll&bi&st&oil eil'&ie coollllg iv ) tet&1 of the p&'event 1&&veil&lot&.

Fl(i. 5a is a modification of FIG. 5, mid shows different core
dk7ths, different tube spacing and differm&t tube count for thc
charge air cooler and EGR cooler.

FIG. 6 is a partially schenmt&c view ofanother embodiment
of the intenuil combustion engine cooling system &if the
present invent&on shoiv &ng ui s&de eleve t&ona1 v&ew the relative
placement ol'n exhaust gas cooler and a charge air cooler
i&ith respect to the radiator.

FICi. 7 &s a s&de elevational v&eiv of a modification of the
mdiator/charge air cooler and exhaust gas cooler packnge of
FIG. 6, w here the radui ter &s

apl &t

into tiv o unius. and ihe entire
package is tun cores deep.

FICi. g is a partmlly schcnmtic view ol n lurther embodi-
ment of the internal combust&on engine coolu&g system of the
presvnt invention shov ing in side elevational view the relative
placement of combined cxhmtst gms and clxirge air coolers
with respect to the radiator.

I'l(i. 9 is a side elevational view of a modification of thc
md&ator/churge air cooler and exhaust gas cooler package of
Fl(i. 5, where the radiator is split into two &ufits. and the entire
package is two cores deep.

FICI. 1(I &s a sectional plan v&ew of port&ons ofthe cores of
the upper and lower combincxi I.CIR/CA('adiator units of
I'IG. 9 shoiv&ng d&fferences in tube spamng. tube nunor duun-
eter and core depth.

FICi. Il is a sectional clevational v&civof portions of the
cores of the upper and lower combined EGR/CAC mduitor
&llll ts of I&IG. 9 showing diiferences in fin count, tin tluckness
iii&il lni louver a&1Je.

O'ICi. 12 &s a part&ally schen&anc v&ew of yet another
embodiment of the intcmal combustiim m&gine cooling sys-
tem of the present invention showuig in side elevat&o&ral i ww

the relative placement of exlmust gas and charge air coolers
with respect to tfm radiator

I'ICi. 13 is a side elevational view oi'a moihlicat&on of the
mdiator/charge air cooler and exhaust gas cooler package of
FI(i. 12„where the rid&a&or is split into two unim, m&d the
entire package &s two cores deep.

DIISCRIPTION Ol& THEPREFERRFD
I;MBODIMENT(S)

In describ&ng the preferred embodunents of the present
'llm features of the invention belie&md to bc novel and the r invention, reference ivifl bc made hereinto FRiS. 3-13 ofthe

elements charactenst&c of the invent&on are set fi&nh w&th dmwings in winch like numemls refer to l&ke features of the
particularity in the appended claims. The figures are for &llus- invention.
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'11m manngement of nirflow through an air cooled heat
exchanger or packaged group ofheat exchangers is important
to the heat transfer per fomiance of the heat exchanger unit or
packagtx The development of airflow paths that opiimirk
Icmperaturc potential is &ital in thc design of spakxwsaving

cooling systmns within the constraints of typical fan/shroud
arrangements ui heavy-duty tnicks.

Before considenng airflow In the IICilUCAC'/radiator liest
exchanger packaves disclosed herein, it is useful to exnminc
airflow in a sinJve core hear exchanger. I'ICi. 3 depicts the
relationslup of heat transfer as a huiction ofnumber of In)vs

ol tubes in a heat exchanger core. A vehicle radiator luiving

only one mw of core tubes is initially assmned, wherein the
deptli in the direction ofairflow is 0.50 in. (13 mm). If the tube
spacitig across the face of the core is about 0.44 In. (11 mm)
and tho fin spacing is about 14 fins pcr in (5 5 fins/cm), then
the airflow through thc core, causixl either by the action of a

fan or by mm air as a result ofvehicle nu)tion, w ill be reason-

ably high. If incrwised heat transfer perliormance is des)rkxl, a

Id&i)Stot'ltll tilt Blllli Ix)il Il rt)w of I i)bes u)BV bi: us& tl lnaklllg
the core two rows deep. The cooling airtloiv v,ill decrease
sh htlybecauseoftheaddedresistanceofthedeepercore,but
the overall heat transfer w ill be greatly increased. I lowever, as
illustrated in Fl(i. 3, as the core is maCk; even dekver, to three,
four, tive and six rows deep. coohn air fltiw is greatly
reduced. to the point where adding another roiv will result in
decreased. ratlier than increased, heai Inuisler performance.
I'his occurs because with the low airlk)w and deep core, the
cooling nir maclfing the last row of tubes is already Imstcd to
the point i)here it is inelfective ui creatuig further coo lui . In
such a case. unpn)) ed performance can be aclueved by reduc-
ing thk core d&7th to manage. Or increase, the cool uig airiiix n
and by other methods and me ms. discussed Iurther below)

llm internal combustion engine coolinv system of the
plksc111 uivention achieves cooling of Ihc charge air and Illc

recirculated exhaust gas to near unbient tempemtures. but
permits Ihc use of lower cost materials ovemll Fl(i 4 shows
a first cinbodin)ent &)f Ihc cooling system ui which Ihc Bir-

cooled stainless steel or other led) temperamre-resistant
exhaust gas cooler is separate frim), and in parallel with, on
aluminum charac air cooler. )v ith respect to the cool uig ambi-
ent air flow. As used herein. the tenn "ambient air" includes
all ofdie cooling air as it pns sea thrimgh the radiator, exhaust
gas cooler and charge air cooler heat exclmnger units, even
though it is heated as it passes through the tins of the heat
exchanger units. Instead of combuung the hot exhaust gas
from bGR valve 48 with the heated charge air, or separately
cix)luig the hcatetl exhaust gas utiliring the liquid engine
coolmit. the heated exhaust gas passes tluough line 56 to an
air toairexhaustgasheatexclmnger70 ti)rcooling.111eterm
"lute'* as usksI heron»s intendkxi to include hoses. bibing.
pipin and the like typically used to carry liuids In an internal
txmibustion engine onvimnment, such as the exhaust gns,
charge air mid liquid coolant described herein. I'ixhaust gas
cooler 70 is disposed upstream of radiator 22 and receives
inlet unbient cooling air 60 Radiator 22 is typically a down
flow type radiator, w.hereui engioe coolant enters tluough an
upper manifold extmiding substantially the entire width of the
radiator, is th&ui disaributed in I bc core tluough vedi eel, down-
wardly extending tubes connected by cooling fins, so tliat
mnbient cooling nir may flow fmm the front face 23u of the
core tlu ough and out of the rear face 23k After being cooled

by the ambient air, the coolant then collects in an attached
lower manifi)ld also extending across thc width of tlm radin-
tor. Alternatively, the radiator may be an up-flov, type radia-
tor. with coolant flow in the opposite direction, or a cross flov;

type nidiator with coolmit tlow through core tubes extending
horimntally between horimntally opposed manifolds.

In pamllel with and above exhaust gas cooler 70, and also
in I'ront ol'and in series with ra&ban)r 22 with respect to the
ambient air flow, charge air cooln heat cxchangcr 80 receives
the heated, compressed charge air tluough line 4Z, where it is
also cooled by mnbient air 60 entenng thmu li the CAC/EGR
cooler irom face 77u As a result, unbient ur 60u exiiuig from
tlm C:AC/FGR cooler rmir face 77b is heated by both thc

I (I
exlmust gas and charge air coolers before It passes throuJv)

mdiator 22, where it is fiinher heated and exits 60/t fmm the
radiator. The cooled exluiust gns exits exhaust gas cooler '70

through line 58, and the cooled clmrge air exits charge air
cooler 80 through line 44. The cooled clmrge air then corn

hines v ith the cooled exhaust gas and passes tluough lme 46
to engine intake manifold 21. Alternatively. the FCiR cooler
70 and ('AC'0 may bc disposexI im tlm opposite side of
mdiator ZZ, I.e.. downstremn of the radiator with respect to the

o ambient air floit

In this eniboduuenfi the recirculatcxl exliaust gns mid the

charge air are combined after the charge air cooler. rather than
before it as In the prior art system of FIG. 2. Tlus system and
method avoid having to make a combuiation exhaust gas and
charge air cooler entirely out of stmnless steel or other high
temperature-resistant matenal. Instead. wlule the exhaust gas
cooler is still nmde of stainless steel or the like. the charge air
cooler may be nuide of aluininum

The midiator, CAC and BGR cooler sho~n In the embodi-
)o ment of FICi 4 (as well ns in the subsequent embodiments

described below) are prefem)bly secured to each otlier to

create B combined heat exchanvger package. The air-to-air heat

iwc i)a)1gcl')IIits u sexi li)r the exhaust gtts cooler 70 and charge
air cooler 80 are sho)vn ui more det ul in FIG. 5. Charge air

"» cooler 80 includes upper and lower horizontally extending
alii)1)ii)lds 81. 82 respectively. which distribute or collect the
charge air passuig thn)up) spaced. vertically extenduig tubes
83 coniwcting tlm manifolds These tubes may bc tivo (2)
mw s deep, as shown in FI(i. 5. or any other configuration, Io

4&t achieve desired core depth de A serpentine cooling fin array
84 (also of depth d,) between adjacent tubes 83 extending
across the face of char e air cooler 80 composes the char e

air cooler core, wlfich tmnsfers the heat from the clmrge air
witlun thc tubes to the ambimit air passing bet)veen tlm tubes
83 and over the fins 84. The vertical spacing between the
serpentine tins determines the desired tin count. The fins may
be of ihe louvered, lanced-offset, iiavy (non-louvered) or
other type, or plate fins may be used uistead. The manifolds
have openings 85. 86 li)r passage ol'charge air into or out ol'

the marufolds. The CAC may be contigured as an upflow unit,
where heated charge air is received In inlet 86 ofmanifold 82
where it pns sea upward throu/) tubes 83 u)d from nranifold
81 throu h outlet 85 as cooled churge air. Aitematwely, the
(.AC'ay bc configured as a dow:ntlov; unit. where the hcntcd

I el)ill'gp. Bll'k1&t's received in inlet 85 and flows m a reverse
direction out through outlet 86 as coolkvI charge air.

In a construction analogous Io flrat of the charge air cooler,
exlraust gas cooler 70 has upper and lower mnnifolds 71 aod
72. w ith thc fi)rmer having inlet/outlet 75 and the latter having

st1 inlet'outlet 76 Tubes 73 carry thc exhnust gas between nmni-
folds 71 and 72, and hns 74 between adjacent tubes 73 permit
passage of the cooling nmbient air therebetw can to cool thc
hot exhaust gases passing ivithin tube 73. 11)e core has depth
d „and tubes 73 and fins 74 may be modiiied as descnbed in
corn)coction with(.A(. 80 As with thc clmrge air cooler, FCiR

cooler 70 may be set up as a downflow iuut, so that the hot
exhmist gases are passed tluough inlet 75 downward throu(i)
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the tubes and cooled exhaust gas passes outward through
outlet 76, or as an uptlov; un&t where the exhm&st gas travels u&

the reverse direction.
As slxlwn in FI(i 5, both exhaust gns cooler 70 and charge

air cooler 80 Imve a honzontal w&dth, measured in the direc-
tion of the mani folds. which is greater than the vertical height
of each of the u&uts, measured between the manilhlds,
huproved heat exchanger perfonnance as a result of reduced
clmrgc air pressure drop, may be obtained by utilizing tubes
wluch are as short as poss&ble and as numerous as possible,
g&ven the configuration of the heat exchanger units. As shown
in this mnbodunent, both the exhaust gas nnd charge mr
coolers employ tubes wluch are oriented w&th the shorter
vertical lmight of each of tlm units so thnr tlmre is a larger
number of shorter iubes Aftemauvely, bofl& the exhaust gas
and cl&urge air cooler may be cross-flo&v units with exhaust
gas flow through horizontally oriented tnbcs extending
between verumilly ortented m uufolds on either sate of the
charge air cooler.

Prefi'rably. charge air cooler f10 and exhaust gns cooler 70
are sized so that the&rrespectivelvidths w, and w. are each the
same as the width of the mdiator with wlfich they arc pack-
aged. Preferably, CAC 80 and F (iR cooler 70 are connected to
each other, as indicated by the arrows, to create a s&ngle un&t

that is positioned adjacent to tlm radiator Thc combined
he& hts of the clmr e a&r cooler 80 and EGR cooler 70, h, and
h, respectively. may be up to the height of the radiator. Typ&-

cally. the height h, of the charge a&r cooler &s greater than the
he&ght h, of the exhaust gas cooler 70 when there are rester
cooling re&faire&ucuts Ifor the charge air versus I bc rccircu la&cd

exit&lust gds
In add&tion to modifying the heights and widths of the CAC

mxl F(iR coolers, the cores of each may bc modified as
desired to aclueve the des&red thertnal cooling propert&es for
the combined mdiator/('A('/1.(iR cooler package. For
example, the core depthw tf&e Bpe of fins. Ihc tin spacing and
count. and the tube spacing and count for each CAC and EGR
cooler may be tlm same as or diffbrcnt from other ('A( and
E(iR coolers in the package. FI(i. 5a is a mod&liest&on ol FI(i
5. and shows different core depths d,'nd d„', and different
tube spacing and difierm&t tube count across tlm widths w

1
afl&l

w, of the CAC &u&it 80 and EGR cooler un&t 70. respecuvely.
11&e manifolds, tubes nnd tins of charge air cooler 80 may

bc made of aluminum, oither as a commntional fully brazed
CAC or with brazed tubes and fins and gronuneted tube-to-
header joints The latter is disclosed in U.S. Pat. Nos 5,894,
649. 6,'330,747 and 6.719,037. the d&sclosures of wluch are
hereby incorporated by reference. Because the exhm&st gases
to be coofcxf are considerably hotter thm& tbe charge air to be
cooled by charge ur cooler 80, exhaust gas cooler 70 &s

preferably not made of ahuninum, and instead the mani folds,
Iubes and tins are made of stainless steel or other high tem-
perature-res&steat nulterial for addit&onal heat resistance and
product life Since only the portion of the heat exchanger
package used to cool the exhaust gas &s made of stainless steel
or the like. thc cost of the combined exhaust gas cooler 7U and
charge air cooler 80 is fess, since the clmtye air cooler portion
&s made of le~sr cost alum&num.

FKI. 6 depicts another embodinmnt of the cooling system
ol Ihc present invention Instead ofcombining tlm exhausi gas
cooler v;ith the cl&urge air cooler in a conunon unit adjacent
the same face of the radiator, exlmust gas cooler 70 is placed
adf acent the face of the mtdmtor opp

os &te

the charge a&r cooler,
wluch &s disposed near t1&e upper end of the radiator. As w&th

the previous embodinwnt, charge air mlolcr 80 is disposed
upstream of rad&ator 22 so tlmt ambient air 60 passes thmugh
front face 87a and out of rear face 87b as partially heated

ambient nir 60a The height of thc charge air confer 80 is less
than that of rad&ator 22, so that a poruon of midiator 22 there
shown as the lower portion/ receives ambient air 60 wlfich
docs not pass through the charge air cooler Tlm rcn&sining

s portions of the rad&ator 22 receive ambient air 6Ua which has
been heated partially by passage in series through charge air
cooler 80. Disposed downstream of'radiator 22 &s exhaust gas
cooler 70, bere shown d&sposed adfacent to the lower port&on
el'tlm radiator 22 which rcccivcs the unhcntcd ambient air 60.

ul The unbient air 60b part&ally heated after passage through
rear face 23b of radiator 2Z then passes in series throuvg the
I'rout face 77a and the tins and u&bes of'exhaust gas cooler 70,
and ex&ts 60c at a lugher temperature fbom rear face 77b.
How ever, the ditference in tempertiture between tfwexhausr
gas and the heated cooling air 60b is still sulfiment Io aflow
good heat transfer ll&e cooled exhaust gas exits the cooler 7U

and pm sea through li&m 58 is here it comb i&ms with the cooled
charge a&r in line 44 The con&bn&cxf m&xture then passes
through line 46 into engine intake nmnifold 21.

o The lmigf&I h, of chn&ge air cooler80 nod tfu: height h, of
exhaust gas cooler 70 are preferably selected so that the
combined height h&+h& is approximately e&Iaaf to the height
ofradiator 22, u&d the two coolers 70. 80 do not overlap with
each other. P I acing the exhaust gas cooler behind the radiator
in tlfis embodiment improves tlm radiator cooling perfor-
mance by avo&din heating of the mdiator by the exhaust as
cooler. As with the previous embodiment, exhaust gas cooler
70 is nuide of stainless steel or other lugh Iemperuture-res&s-

tant n&atertal and the charge a&r cooler 80 is made of low er cost
&a dlilinnlunl.

A modification of the embodiment of I'ICi. 6 &s six&wn u&

I&1(i. 7, lvhere clmrge air cooler 80 and exhaust gas cooler 70
arc llm same, but Ihc radmlor is split into Iwo diffi:rcni por-
uons or umts, upper rear umt 22n and lower front unit 22b. &n

"» a manner similar to that show n in U.S. I'atm&t Publication No.
IIS2005-0109484-AI, Ihc disclosure ot'hich is hereby
u&corpomited by reference. In the front (w&th respect to an&bi-

en&airr

tlow 602 charge air cooler 8() is abolm m&d has front nnd
rear faces substm&t&ally planar wuh those of lower radiator

do unit ZZb, and in the rear exlmust gas cooler 7U is below and has
front and rear fnces substantiafly planar with those of upper
rad&ator unit 22u. Variations &n core depth in the &nd&v&dual

units may change the planar afig&anent slightly. I'he heist&ts

and widths ofuppor mdiator unit 22a and chnrge air cooler 80
are substantially the same, as are the heights and widths of
lower radiator &ufit ZZb and exhmist gas cooler 70. Each
md&ator unit 22a. 22b has a construcuon sinular to the lull
md&ator prev&ously described above, but with shorter height.
As ln thi'. C&lse of ihe ('AC'md EGR coolers described in FI(i.

u 5, the core of each un&t 22u. 22b may be vmied &n depth. type
of fins, fin spacing and count, and tube spacing and count,
compared io the oiher. Io nclueve the des&rcd balm&ce of
thermal coolin propert&es &n the package. An addit&onal line
62a passes partially cooled cnginc coolant I'rom upper unit

s 22a to lower un&t 22b. The moddication in I'IG. 7 results in a
combined md inter/('AC/I IGR coolsrpackage tl&at is only two
cores dccp. ds opposed to thc U&rcc mire deep package ol'FI(i.
6. Tlus sav&ng in core depth has benefits u& that f u& 90 exluiust-
ing tlm heated ambim&t air 60d may be spaced farther back

01 from the rear core face, mid thereby provide for higher air tjow
and better air flow distribution over the entire core face of the
heat exchanger package.

A fi&rther embed&ment of the present invention is dep&cted

in FI(i. 8. Instead of coolu&g the exhaust gas and heated
charge air in separate heat exchangcrs, thc lmatcd exhaust gas
from lu&e 56 &s comb u&ed with the heated charge a&r ex&tu&g the
compressor in line 41, and the mixture ofheated exhaust gas
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m&d charge air passes through li&m 43 to first combined
exhaust gas m&d charge a&r cooler 80a. Comb&ned exhaust gas
and charge air cooler 80u &s disposed downs&rasa& of radiator
22, in a location corresponding to thc lower portion of thc
radiator 22 that rece&ves fresh amb&ent cool&ng air 60 thn&uP 1

front face Z3u. Afler ambient air 60 passes through the radia-
tor rear face 23/& and exits as part&ally heated ambient air 60k
&t then passes &n senes tlu ough the front face 87u and the fins
aud lobes ol &he cou&bincd cooler 80a and exits as hen&cd

amb&ent air 60c from the rear face 87k The comb&ned cooler u&

80u is constructed in a manner similar to clmrge a&r cooler 80
shown in FI(i 5. except &hat it &s made of stainless steel or
other lugh temperature-res&stunt iuaterial instead of alunu-
num since it is carrying gases at a higher temperature

As it exits cooler 80u. &he comb&ned exhaust gas and char e
air is partially cool hxI. It then travels d&lou gd& I inc 69 where it

then enters a second con&bined exhaust gas and charge air
cooler 806. disposed upstrmim of rad&ator 22 C'ombumd
cooler 806 is shown adjacent the front face Z3u, near the
uppcrportionol'radiator 22 so that it does not overlap wi&h thc io
first combu&ed cooler 80A ad l a cent the rear face 236, near the
lower portion of radiator 22. I'he partially cooled combined
exhaust gas and charge air is then sublect to maxunum cool-
ing by an&bient air 60, &vhich passes tlu ough the front face 87a
and tlm tubes m&d fins of cooler 80k m&d exits rmlr face 87/& as "

heated amb&ent air 60u to cool md&ator 22 u& series. The
arrangement of tlus split exhaust gas and charge a&r cooler is
sim&lar u& that ol'he spl&t chnrge mr cooler &hsclosed u& U S.

Patent Pubhcation No. US2005-0109483-AI, the d&&closure
ol'which is hcrcby incorpora&&d by reli.rcncc Thc cooled &o

combined exhaust gas nnd charge nir then exits cooler 80/&

tlu ough line 45 to intake man&fold 21. Since the combined
cxluiust gas m&d charge air receive&I m cooler 801& is already
partially cooled. cooler 80k does not need to be made of
stainless steel or other high temperature-resistant material, "»

aud can be elude ol lihuuhuuu Prc lomb ly, h&l&ghm aud Ioca-
uons of coolers 80u mui 801& are selected so tlrat they do not
overlap with one m&other, and their con&binhM heights are

approximau:ly equal to ihe heigh& of radmlor 22 Addition-
ally. the core styles. i.e., the core depth, tl&e type of fins. the Iin so

spacing and count, and the tube spacing and count, n&ay bc
varied and tailored for each u&ut 80u, 80k to obtain the
desired air flow split and unit perfonnance. For example, the
front unit 80/& nmy have a lower Iin count m&d/or core depth
/the latter shown by the reduced core depth offnmt face 87a') ss
to limit the heating of the ambient air that passes through the
core of the rad&ator, w.hereas the rear unit 80u may have a

higher fin count and/or core depth /the latter sholvn by the
ulcreased core depth of rear face 87b') to derive maximun&

coolu&gofthecombinedexhaustgasand char ea&r. f11'acts of u

variat&on in core parameters are discus shxI hinher below. This
system and method provides maxumun heat transfer perl'or-

mance with material cost savings over the poor art system and
method of FICi 2 because at least hnlf ol'lm combined
exhaust asandchar e urcoolercanbemadewiththelower 1

cost aluminum construction
FICi 9 shin& s a n&odilication of the cmbcdiimcnl ol'FICi 8

In a manner sim&lar to the mod&ficat&m& of I ICI. 7. the rad&ator
is split into two units 22u, 22k with connecting line 62n, so

&hat thh cou&binhxi radiato&/C.'AC'/FCiR cooler pnckage is only 6&

two cores deep with respect to ambient air liow 60. Again, the
front nnd rear faces of the venically matched units 80k 22/&

and 22u, 80a respectwely. are u& substantially the same
planes (except for any variations u& core depth in the ind&-

vidunl units) and the heights and lvidths of thc horixontnlly &

matched units, 22u. 806 and 80a. 22k respect&vely, are sub-
stantially the same. 'I'his again saves space and permits more

optimal mounting ol'an 90 for better flow through dw. pack-
age of the cool&n amb&ent a&r.

In a packaged group of heat excl&angers, as depicted u&

Fl(iS. 4, 6, 7, 8 and 9. it is particularly importm&t to manage
the mrflolv splits umong the various heat exchangers u& order
to acldeve optimum heat transfer perfom&ance. In a package
with split radiator and spht charge siren&oler as shown u& I'IG.
9, it may be des&ruble. in order to achieve optimum radiator
performance, to mm&agc thc cm&ling airfl&& w tlm&ugh the I'ront

charge air cooler by lov,enng &ts core resistance This w&ll

result u& the minimum unpact of the fmnt clmrge air cooler
upon the radian&r core bclund. aml will pmvidc optimired
cool&ng a&rflov'o the rad&ator. resulting in opunuun mid&ator

lmat transfer.
Thc &low of cool&ng a&r Ihrough a hen& exchanger core. I'or

example the cores of radiator units ZZa, 226 and charge air
cooler units 80u, 80k may be managed in a number of dii'-

ferent ways, each affecting the core airflow res&stance or the
airflow resistance of the entire airflow path. For example,
airfk&w through a givmi hant cxchlmgcr may bc incrmlsed by
increasing the core resistance of a heat exchanger in parallel
with it or by decreasing its own core resistance or the core
resistance of a heat exchan er u& senes w&d& it. Venous core
parameters may be varied in any of the heat exchangers of
Fl(IS. 4. 6, 7, 8 and 9 to achieve a tin/tube systmu with the
desired cooling a&rflow resistance.

As described above in connection v;ith FICI. 9. and as
shown in FIG 10 where the cores of the upper and lo~er
comb&ned L'C&R,'C'AC u&uts are Iuxtaposed for comparison. a
dhmreasscd depth d o I'thc core of upper combined cxhmlst gas
and charge ur cooler umt 801& (u& Irout of the upper mldiator
u&ut) decreases core resistance and u&creases cooling airflow.
v bile mcreased core dh7uh D el'ower combined exhaust gas
aud charge a&r cooler un&t 80u fbelund the lower rad&ator unit )

increases core resistance and decreases cooling airflow Alsn,
incrcascd CAC: tube 83 spacmg. S and smaller C:AC: tube 83

mu&or d&ameter m on unit 80/& (both measured in a direct&on
across the face of thc core) dhvrease core resistance nnd
incrmisc cooling a&rflow. whereas dccreashed tube spamng s

and increased tube minor diameter M on unit UUa increase
core resistance and decrease cooling airflow. Variations to t1m

core fins also affect cool&ng airtlow resistance. For example,
as sl&own in F Ki. 11 with the cores nfl.CIR/CA('nits 80u and

80/& again juxtaposed, i ccrc ashxi fin 73n count pcr unit vertical
distance C, increased fin louver 73u'ngles A and increased
tin thickness T on unit 80a increase core resistance and
decrease cooling airflow, as compared to the decreased Iin
736 co&u&t per umt vertical distance c, decreased Iin louver
731&'ngles a and decree&hell lin th&cknahs t on un&t 80h The
use o1 louvered tins 73a', 73// increases core resistance and
decreases cooling a&rflow as compared to tlat, dimpled or
w&ivy sly'le fins

Lech mdiator umt 22u. 226 u& FICi. 9 l&kelvise may have
dilfercnt core styles. such as ccrc depd&. type of fina fin

spacing, lin counk tube spacing m&d tube count. u& the smue
manner as described in connection v ith the ECi R/('A('nits.

Tlm m&rc area ol'he FGR, CAC'&d radia&or cores has a
d&rect effect on airflov m u&agement, but &n a nnich more
complex manner than the items mentioned above. In the
embodiment show n in FICi 9. the charge air cm&lcr cure areas
may be the smne as the radiator core areas, i.e.. be fully
overlapping with respect to cooling air flow. On the otlmr
hand, the char e air cooler cores may extend bevond the
rad&ator core areas in one or more directions, i.e., be over-
hanging omen-overlapping with respect to cooling air flow,

or the radiator core areas may extend beyond those of the
charge air coolers in any direction. The airflow resistance of a
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given core is inversely proportional to its area. However. the
greater the area of a heat exchanger wluch is overlapped by
another heat exclmnger. the greater ii ill be the airflow resis-
tance of the two lmdt exchmigers Incrcascd overlapping
results in uicreased airflow resistance and uicreased over- s

hanging results in decreascxI airflow resistance through the
heat exchangers ui the package.

It has been found that the static head loss tluough the heat
exchanger package along each airflow path is equivalent
Thus. lace velocities that dove convection increase or ui

decrease to achieve tlus balance. The spit radiator and charge
air cooler omfiguratiims having inuhiplc difli:rent lin/tube
systemsprovidetheflexibilitytomodify urvelocitiesforbest
results Optimized application-specilic results may be
obtautcd noi only tluough heat exchanger core aiumgemenLs.
but also through use ofdiffbrent fin/tube systems in each heat
exchaligcl nlllt

A further ambo dunent of tire present uiventi on which com-
bines some of the characteristics ofprevious embodinmnts is
di7ictedinFICi 12 In a manner similarto thecmbodimmitol'
FIG. 4. the exhaust gas and heated charge air are not com-
bined, but are instead cooled in connected parallel heat
exchangers located adjacent to the mdiator However, in a

manner similar to that of the embodiment of Fl(i. 8, the heat
excluingers for each of tfm exhaust gas and charge air are split "

uito units dov;nstream uid upstream of radiator 22. Recircu-
lated exlmust gas from line 56 is first cooled in exlmust gas
coioler 70'ou nstrmun o I'radiator 22. md, separately. heated
char e air from hne 42 is first cooled ui charge air cooler 80',
in parallel with cooler 70'nd also downstream of the rddia- so

tor. Thc dounstream exhaust gas and charge air coolers70'nd
80', respectively. are coruiected to form a single uiut like

that shown in FICi 5, cxccpt tlmt Ikey are inverted, so iluit thc
exhaust gas cooler portion is above the charge air cooler
portion. As svith the previous description of the embodiment "»

ol'FICi. 5. Ihe exhaust gms cooler 'IU's made of stainless steel
or other lugh tempemture-resistant matenal, autre it receives
the hotter exhaust gas, mid the charge air cooler unit 8IY is
inade of aluminuni. Thc cxluiust ds mich:r 70'nd charge ur
cooler urut 80're located along the losver portion adjacent to dc

imd diuvnstream of rear face 236 of mdintor 22, correspond-
ing to the region in wluch radiator 22 receives unheated
ambient air 6U. I'he partially heated ambimit air 606 from the
lower port in i1 ofmdiator 22 passes in series tluough front face
77a and the nibes and fins ofboth exhaust gas cooler 70'nd d.

charge air cooler 80', and exits as further heated ambient air
60c from the rear face 776 of coolers 70'/80'lite

paniafly cooled exlmust gas then exits exlmust gas
civil er 70'fmiugh line 69a, u herc it enters i he in lci o I'sex ond.
upstremn exhaust gas cooler 70". The partially cooled charge o

air exits doivnstream charge air cooler 80'nd travels tlwouvJI
line 69/I ui the inlet ofsecond. upstream chmge nir cooler81Y'mbient

air 60 passes tluou h the front face 77a of both
miolcrs 70" and 80". Iocatcxl adjacent the upper portion of tlm

rndliato, to respectively cool ihe exhaust gas and chargeair 1

The partially heated ambient air 6UC then exits the rear face
77/I ofcoolers 70"/ 80" and passes in series through the fmnt
face 23a at tire upper portion of radiator 22. The cooled
exhmist gas then exits from exhaust gas cooler 70" through
linc 58, aml the cooled clrdrgc air cxiLs fmm charge nir cooler CI

80" tltiough line 44, and are combined and passed tluouJI
line 46 to engine intnke manifold 21.

The upstream exhaust as cooler 71Y'nd charge air cooler
80" are also constructed in connected parallel units 71Y'/80"

similar to that shown in Fl(i 5, except inverted. Houeimr, 1

since the exhaust gas is already partially cooled, it does not
have an excessively hives temperature. 'Iherefore. the

upstremn exlmust gams cooler 70'eed not be made of stainless
steel or other lust temperature resistant material. and may be
constnicted of aluminum, similar to that of charge air cooler
80" The location and conibined Imight of the downstrcnm
exhaust gas and charge air coolers 70'/80'nd the location and
combined height of the upstream exhaust gas and charge air
coolers 71Y'/80" are selected so that the downstream and
upstream connected units do not overlap with one another,
and so tluu the sum of thc combined hmghLs ol Ihe uniLs is
approximately equal to the height of the radiator As uith the
other embodiments previously described, core styles such as
cixc depth. ti'pc of fills. fill spacIIIg alii colu11, aiid iube
spacin and count may be vened and tailored for each unit 70',
70", 80', 80", to obtain the desired lmat transfer perfomiance.

Inanuidifimiuon similar to IhoseofFICI'S 7 md9.FIG 13

shows a modification of the embodiment of I'l(i. 12 in wlfich
tho radiator is again split imo two units 22a, 22k comiectcd

by line 62a, so that the combined radiator/CAI 2FCrR cooler
package is only two cores deep to reduce package space and
improve ambient air tlow by I'an 90 Thc I'ront and rear faces
of the vertically matched units 70". 80", 22/I and 2 2 a, 70'. 80',
respectively. are in the substantially the same planem except
for any variations ui core depth The her/Its and v idths of the
horizontally matched umts, 22a. 70"/80" and 70'18(Y, 226,
respectively. Cre substantially the sanm.

In tins system uid method shown ui I'IGrS, 12 and 13. only
the first exhaust vga s cooler 70'eed be made of stainless steel
or other high temperature-resisiant material. while the other
tluee coolers 70". 80'nd 80" can all be made of lower cost
dlililillluin coicsflllctiolI, thus rcsuhill ill Iruitcilal cost sdv.

ings. The heal tcmisfer performance of tins system and
method will be substantially the same as that of FIGS. 8 and
9 and far superior to tlm prior art systmn and methixl shown in
I'IG.2 Asuiththeembodimentsshouninl'IGS.4,6,7,Sand
9, thc core, tube and tin parameters of the radiator and con-
ncmied HCIR/GAC'nits in FIGS 12 and 13 may be varied to

modify the air flou. as desired through the individual heai
exchanger units.

Additionally, thc directimi of t)ou of engine coolmit
tlu ough the radiator unit(s). and/or the direction offlov; ofthe
exhaust aas and chnrge air through the I',RCi/C'A( units, fna)
be reversed as desired to achieve desired thermal perfor-
mance. For example, in the embodiments of VI(iS. 9 and 12,
the conibincd FGR/('A(" air flou may be reversed, so that all
of the radiator nnd combined ECIR/GAG units are dou nflow
illllts.

Cooing ur flow through any of the heat exchanger pack-
ages shots n in Fl(iS. 4, 6. 7, 8, 9, 12 and 13 may be increased
by Ihc usv. ol'a lim shroud 88 (FIG. 13) enclosuig, thc ai'cd

between fan 90 and the heat exchangers, and by moving fan
90 away from the rear face of the heat exchangers so that fan
penetratiim uito the cnclosurc msults in optimized static efli-
ciency. Ilere. orifice condition on the sluoud as well as the
static head loss pres anted to the fan a iona each airflow path o f
the cooling system detennuies total urflow In this manner
there can be presented to the fan a uniform or non-uniform
resistance to airflow to create airfliuv splits tlmt optiinize
cooing air appmach diflerenIial aud maxuuize temperature
potmitial where needed to achicwe system perfonnance
requirements. While it is diflicult io achieim this in crowded
vehicle engine compartments. the heat exclmnger packages of
the present invention facilitate this goal In particular tlm split
radiator/spht charge air cooler heat exchanger packages of
FICiS. 9 nnd 13 provide sicgiificant improvement since they
are only two cores deep as opposed to single radiator/split
charge air cooler arrangements, wluch are tlu ee cores deep. In
addition. splitting the ('AG and radiator. with the use of
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multiple fin/tube systems, provides a high degree of flexibi-

li t

in creating airflov; splits tlunt can be customimd to meet the
needs of each individual application.

Thus, the prcscnt invention pmvides mi impm&md system
and method of cooing an internal combustion engine. inc lud-

ing clmrge air cooling and exhaust gas cooling, which
ach&eves cooluig of Ihe charge ur uid the remrm&lated exhmist

gas to near amb&ent temperatures, Bnd v hich allows the use of
lower cost nmterials for tlm chmgc mr and exhaust gas cool-
ers. Improved space savuig packaging may be aclueved by
splitting the rad&ator and packay'ng the combuied radiator,
CAC and flC&R cooler onlv Iun cores deep. Add&iionally,
mod&ficat&ons to the core may be made to any uidiv&dual beat
exchanger unit within the package to best tailor thermal per-
I'ormance

While the present invention has been particularly
dcscribcd. in conjunction u itb a specific preferred cmbodi-
menh it is evident that many alternatives, modifications and
variations will be apparent to those s kill cxl in the art in light of
the filrcgoing description ii is Ihcrcf&irc coute&Opia&cd that Ihc
appended claims v;ill embrace any such alternatives, modiTi-

cations and variatinns as falling within the true scope and
sp&nt of the present invent&on.

Having descnbed the invention, what is claimed is:

1. A method ofcooling engine coolant Bnd chnrge air from
a turbo- or superchar er &n Bn internal combustion chyle
comprising:

pro& aluig a radiator for cooling engme cool uii luiving
opposite front Bnd rear core faces through wluch amb&-

cnt air flow s, nnd opposite upper and 1oumr ends ad jacent
the faces;

provid&ng a clmrge air cooler for cooling charge Bir having
upper mid low& r units, each charge air cooler unit luivi ng
opposite front and rear core faces through wluch amb&-

ent air tlow s, mid opposite upper m&d loiver ends adjacent
Ihc I'ace&. the upper charge air cooler unit bang d&sposcd

in overlappuig relahonsh&p and adjacent to the upper end
of thc radiator, u imrein &um face at tbe upper end of the
radiator is disp&xscd ad&scent onc face oi the upper
clmrge air cooler unit, and the lower charge Bir cooler
unit hsing disposed in overlapping relationship and
adiacent to the lower end of the radiator lvith the upper
and lower ends of the lower charge air cooler unit being
orion&cd in the same direction as the upper and lower
ends of the radiator, wherein the other face at the lower
end of the radiator is disposed adjacent one face of the
lolvcr cb'u e Bll'ooler Uillt, each cllll e Bll'oolci'lllt
having a difTerent core style from the other selected from
the group consisting of core depth. Iin count. mid tube
spacing. the charge atr culoler units bein opemntively
connected such that the charge air flows therebetwemn;

tlou ing the eng&ne coolant through the radiator Io cool Ihc

en&flne coolant;
flowing tlm charge air from tlm turbo- or supercharger in

scqilcllcc lhro&lgll Il&P. chaige Blr l&P&U cxchallgPi'll&&is hl
cool the charge air: and

flowing cooing air through tlm hmit exchanger assembly
such that the cooling nr tlous ui senes throu h the upper
end of the mdiator Bnd the upper charge air cooler unit,
Slid fllc coollilg Bll'l&rlvs ill series Ill&'UUgb llle leuc&

clmrge B&r cooler Un&t and the lower end of the mdiator.
with one of the charge air cooler units being positioned
upstream of the mdiator w&th respect to cooluig a&r flow
and the other of the charge air cooler units being pos&-

tioned downstream of the radiator u ith respect to cool-
uig Bir flow, v;here&n the upstream charge a&r cooler un&t

has a lower fin count, lower core depth or increased tube

so

spacing compared to the Iin count, mire depth or tube
spacing of the downstream charge air cooler unit

2. I'he method ofclaim I lvhereui at least one of the charge
air cooler units u&eludes cooluig Iiir recirculated exhm&st ghs.

5 The method ofclaim I whcrcui the upper and lov Pr aids
of the upper chaige air cooler unit are oriented in the smne
d&rechon as flie upper and lou er ends of the nndiator,

4. The niethod ol'claim I uhereui ench charge air cooler
unit bns a different core depth from thc otlmr, and thc

ln
upstream clmnge B&r cooler un&t has a lower core depth com-

pared to the core depth of the downstream charge air cooler
i&nit

5 The method of claim I wherein each charve air cooler
Ulut has B different Iin count from the ot1&er, and the upstream
charge air cooler un&t has a lower Iin count compared to the Iin
count of the downstream charge air cooler unit.

5 The method of claim I wherein cnch charge air cooler
unit lms a different tube spacing from the other, and the

in upstream charge Urmloler unit has an increascxI tube spncing
compared to Ihe tube spacing ol'he dnunsiream charge air
cooler unit

7. A method of coolui en uie coolant and charge air from
a turbo- or superclmrger in an internal combustion engine
coiuprlslllg:

providuig a i nd&ator having upper and lov'er units for cool-

ing engine coolant, each radiator unit having oppos&te
front mid rear co&re faces through uliich amb&cnt coo luig
a&r Iklws. B depth between the front Bnd rear faces. and

in opposim upper nnd lower en&tv adjacmit the facem Ihc
r Uliator umts heing operat&vely connected such thnt the
eng&ne coolant flows therebetweeni

providing a cluirgc air cooler lmving upper m&d lower units
for

cool &ilg

charge Blr. encl& chalgc Blr cooler i&&BI ll&lvlllg

opposite front and rear core faces through which cooling
air flows, and opposite upper and lou cr ends adjacent the
faces, the upper charge a&r cooler un&t beuig d&sposed &n

overlapping relationship and adjacent to thc upper md ia-

ior unit, u barmn one face of the upper radmior unit is
sn disposed adjacent one faceoftheupperchargeaircooler

unit, nnd tlm lou er charge nir cooler unit being disposed
ill overlappuing relet&onslup and adlacent to the lolver
radiator unit. wherein the other face of the lower radiator
unit is disposed adjacent one face of the lower charge air
cooler unit, each charge air cooler unit hav&ng a different
core style frnm the other selected from the group con-
s&sting of core deptlx Iin count. and tube spec&ng. the
charge air cooler units be&ng operat&vely connected such
Ihni ibe chnrge a&r flou s Iherebctwecn,

n flowing theet'ne coolant in sequence fl&loup&the radiator
units to cool the engine coolmit:

flnuing the charge air I'ron& Ibc turbo- or superchnrger &n

sequence tlu ough the char e a&r heat exchanger units to
cnol the clmrge air: and

1 Ilouing Poobng air through the hmit exch mger assembly
such that the cooling air flows in series througl& the upper
radiator unit Bnd Ilm upper clmlge air cooler &mii, Bnd the
cooling air flous &u aches through ihe lower charge air
cooler unit and the lower radiator unit, with onc of the
charge mr conler units being positioned ups&ream of a
radiator iuiit with respect to cooing air tlow Bnd the
other of tlm charge air cooler units being positioned
dounstream of the other radiator iuut vnth respect to
cooling air flow, wherein the upstream charge air cooler
unit has a Ioumr tin count, loumr core depth or increased
tube spacuig compared to the Iin count, core depth or
hibe spacing of the dolvnstream charge Bir cooler unit.
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g. The nmthod ol'claim 7 tv herein at least one of tlm charac

mr cooler units includes cooling liir recirculated exhaust gas,
9. The method of claim 7 wherein each mdiator unit lies a

different core style sclcctcd from thc group consisting of core
deptlu type of fins. fin spacing, lin count, tube spacing and
tube count.

10. The method of claim 7 wherein the upper and lower
ends of the upper charge air cooler unit are oriented in the
smne dircmion as the upper and haver ends of tbe upper
radiator uiut and the upper and loiver ends of the lower charge
air cooler unit are oriented in the same direction as the upper
mid lower ends ol the lwver rndiator unit

11. Tire method of claim 7 wherein each charge air cooler
unit has a dilTerent core depth fiom the other, and the

upstremn charge air cooler iuiit has a lower core depth com-
pared to the core depth of the doivnstremn charge air cooler
u ill t.

12 Tire method ofclaim 7 wherein each charge air cooler
s uiut lms a ddferent lin count from tbe other, and the upstream

charge air cooler unit has a lower lin count compared to the fin
count of the dew astra un charge mr cmiler unit.

13. The method ofclaim 7 v lierein each charge air cooler
unii has a dilTcrent tube spacing from tfic other, nial the

ui upstream charge air cooler uiut has an utcreased tube spacin
compared to the tube spacing of the dov;nstremu clmrvee air
cooici uijit
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