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FI N AND TUBE HEAT EXCHANGER I nventors: David J .
Abr aham an and Kevin M Conroy BACKGROUND [ 0001] The

weuh)7@secip nvent i on rel ates to heat exchangers 8€TmISE007/002226

fmand-tube type with an inproved | ouver
configuration. [0002] Fin-and-tube type heat
exchangers are well known in the art. These heat
exchangers include a nunber of fins with heat transfer
tubes passing therethrough. The fins typically

i ncorporate a_nunber of ct and m x
the air fl ow%é@@tﬁ@gmﬁggﬁéAWt he heat
transfer between the surfaces of the heat exchanger,

whi ch i ngl ud f f th i d
Sur  aces b oRs ek ARl AR i e

that arises when disrupting the air flowis a pressure
" the fins. A significant increase in the
pressure drop across the fins is the penalty paid for
the increased heat transfer. [0003] Therefqgre, th
[00913 Thestbjest invempionvelntasdohiertexchingerp tha finrand- ‘?‘Pﬁ type with
m§ﬁg 1908 18Rk & gers that inprove heat dissipation
Pacteristl ¢s e reducing pressure drop in fluid

flow ng .across the fin. Those skilled in the art wll
[00192] Ein-andrinbs typeiheai exphaagertare iedhopwn iptheas LBeedipat

%&Tahg, %ﬁﬁﬁé 5 Gl Eb&dlz AEBRHh B Qi Ribes bQ@ﬁngaﬂeFe,@ﬁrough

alms that determne the full scope of
Thhdinis my;snalisomco@umwu@rsewﬂ‘Eouw&Mr@rem@Mpm the air flow

acr;rr%%%o {h&afre}l%ﬁa \é\%érgas% %é ?ée SHBQPB&%EE the%u Qése(ff tme erat

L anks ures a series 0 para
eptlanger, fwhich inkbide Iulaa/wrfapss ofthmfingand the owside senfaces of the

i,ncom thr au (o)
tuhey %’d&g\mlsrtf} eamgsgf 558 agﬁvger%s neadrlgrghmg%%aec%r {]
pi@Bureairolh beoks talelﬁnbaaé\kmgllmﬁ" cughinteasesartiee ﬁneQSLheﬁmpeadrm the

o b B RS R A YDty e ever v

[0003] Therefore, there is a need for improved louvered fin designs for fin and tilb_e

heat exchangers that improve heat dissipation characteristics while reducing pressure
drop in fluid flowing across the fin. Those skilled in the art will better understand
the present invention from a review of the preferred embodiment and drawings that

appear below and the claims that determine the full scope of the invention.

SUMMARY OF THE INVENTION

[0004] In accordance with certain embodiments, a cooler for multiple tube banks
features a series of parallel and planar fins that have upstream louvers to direct.
incoming air through a fin near a first row of tubes and a downstream set of louvers
near an adjacent tube row to direct air back through the same fin before the air exits.
The upstream louvers can have the negative slopes of the downstream louvers, and a
constant angle from louver to louver within a bank can be provided. Moreover, a

constant length in a section view is also contemplated.
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constant angle fromlouver to louver within a bank can
be provided. Mreover, a constant length in a section
woi2eon/08%1al so cont enpl at ed. DETAI LED DESCRI PTI ORCOESIt6E002226
DRAW NGS [ 0005J These and ot her features, aspects, and
advant ages of the present invention wll becone better
under st ood when the follow ng detailed description is
read with reference to the acconpanying draw ngs in
which |i ke characters represent |ike parts throughout
t he drawi ngs, wherein: [0006] Figure | is a plan view
DEFAELED RYHSCREBIIRD QFTHE P the | ouver | ayout
and the tube openings; [0007] Figure 2 is a section
[0005 PUHBsd 41 dtREVREGirdsNadpeid) #1dladvRARE] offthg preded ingeraivn
alternative, exenplary enbodinment to Figyre 1 usin ]
wilbberanee beties moesrood whaidhe lloyaBe d5etIFE ArcrREAR iy tad with
;S’é?ﬁzﬁi i Il ract &8 ¢éprstnY lik¥parts
r#tr}ég%gﬁq? E ge‘fogﬁver S goéﬁg’?ggﬁrlgkggkfolgel%}]% Fi gur‘,ééps 5is a&vp
thtewghidut Hreolravwings, wpewwimg for a tube; and [0011] Figure
6 is an alternative, exenplary enbodinent to Figure 3
e ki W i Wk el ldr €inl DYWL Sthe louver layout
[@Eﬁmﬁéégbsféﬁgﬁ&g?%oﬁ @’Ai ?m?oo?ers are g(?;ener ally Y
aihthertuboop¢masgs;skilled in the art. They conprise
cool i ng tubes disposed parallel to each other in rows
[(fmﬁF thﬂgme WS aRELAh BRSRh!tRL Idh9eRAE T QlBar. A
coll'ection of fins are generally stacked parallel to
each other with a typical, exenplary fin %_0 shown in
[G60F], Fagure 345 ap Rltermah v ex mplary grbgdisgnt foFeprelwgps lopvers of
sEEIRY AT dnkiah@bethebh Men@ld ¥ BivieH bRAIS 66tubes;show a row
of holes 12, 14, 16 and 18 for receiving tubes
t her et hrough. A second 1[1>ara I el. row of. hol e§_ 20, 22,
(0009 Feewre 418 @ speiiqn ViPghiogR g Luxps OTERaR > Edge 30
is the upstreamor air inlet edge and edge 32 is the
[CRMPFig@e el detdil @vth®in Spaieng Adanbagmdus| y, each
illustrated edge has a

[0011] Figure 6 is an alternative, exemplary embodiment to Figure 3 showing a

different gap layout in the louvers.

DETAILED DESCRIPTION

[0012] Air coolers are generally known to those skilled in the art. They comprise
cooling tubes disposed parallel to each other in rows and the rows being parallel to
each other. A collection of fins are generally stacked parallel to each other with a
typical, exemplary fin 10 shown in Figure 1. Again, Figure 1 is but a partial view of
an exemplary fin -for illustrative purposes to show a row of holes 12, 14, 16 and 18
for receiving tubes therethrough. A second parallel row of holes 20, 22, 24 and 26
for receiving tubes is also shown. Edge 30 is the upstream or air inlet edge and edge
32 is the downstream or air outlet side. Advantageously, each illustrated edge has a

series of bent triangular shapes 34 to add to the rigidity of the edges.

[0013] The upstream louvers are generally 36 and the downstream louvers are

generally 38. These two louver banks 36, 38 align generally with a row of tubes.
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series of bent triangular shapes 34 to add to the
rigidity of the edges. [0013] The upstream | ouvers are
wqgemgriaddly 36 and t he downstream | ouvers are geaemakdoy002226
38. These two | ouver banks 36, 38 align generally with
a row of tubes.This forces air that conmes in between
openi ngs 24 and 26 to work its way around opening 16
since the tubes (not shown) that go in their
respective holes are offset fromone rowto the next.
The | ouvers can be punched out of the fin 10. As
This|foists ait dust comey imbétwesn eprningsoAieandip ielverk i ey atund

oé/e%xrgjs% ?1P<S:e Fh%r{ugegs @gng)?t‘O@ﬁ gﬁat %Sf{ﬁ ftl%rlr 1%%431 (JtlQ’E\ﬁ%k% kdloffset

éam ban romthe top and sone
from dr@ rai toltbeniexts The lduaails <88 bepvembdmﬂty’fthmﬁm ifeAs

. potto 0014 M/|00k 1& Fi
‘@ﬁ%‘ﬁg}a@%ﬁ 81“&'?\‘% é‘bﬂ‘beé? LY oufil/rgt#%tev é*atx[)gse%% be used where
s&f@éli\lﬁﬁill RANe AU \BE Spsidancbrniiicextdndanily fiven §eanp akd some up to
il lustrated th bhanks_are.a cormmon angl e 40, such
al} Jouyrs igjbapk |3g 5’6‘?1 ey frem WB%BS? ™ n nmirror image. As
a result, the slope of the louvers in bank 36 is the

[O’IﬁQ]iNd«b\eldbﬁqrté‘bﬁ Higurea, tisd cm:eatatmnbﬁmke &&tre’a‘ihelohm 86sind the
i n bank ext nd above. and .bel ow Ian age
?{ 88 ban Sareata

dgpnstpRang lcwv&r@ AP B YGH SON 6k Vet
c«?:ﬁHiéﬂ 3 %6(540;1 ﬁﬁ&}/\ﬁé s, bﬁthrregjeeﬂtoblm’i ke 6ut mpnlrfbrFfrrgge eARa
n ban the | ouvers_e ove and
cosmlinibe SperoLdie VP BENDIE SIBE PORIR B Sppe in bank
38N &1k PUKRESINHIBK B 6GXMrd H6l€aed Bab the pldiar glﬁmcermf the fin 10,
mar ked bottomin Figure 2. As il]ustrated, the an

alihoy ghcsomsatpi arpiohe aviery oulbextens oW khegiggipngaar ! b in
F?’%ré 8. & Baﬂﬁgﬁ’ 1] loﬁl/éi§ @xiefd bhSVSAHIELASW W pldh@CRiRtace of fin 10

uver However, this inclination angle
but omtmallm §Q@ego \'Mltﬂflﬁr Ipuaeis thasa ARUIFEK tSdr PV Werreelse gparked

F)Ror?ﬂﬁ yie.rA’s lhust&?éi k8fn rgﬂq&f 15%@&10%' §1'1 Ruvef int ank

ouve as séen | ure 2, 1S t he sane or
snetaad 36 om sahe saragdr clhsetodhﬁemfz o% pmgdigagnt degryey in that bank.

B 0y LR, M RS B8P e vty
respepeto tont @nother, afidesired. Tlﬂemabdlmennslonsvf\mﬁr lohrveroni ari@nk as
s AR, A e oAy e Ol ik aMhehlich YRGS carry
forward as being the same or nearly the same as between different banks that have
negative slopes with respect to one another. However, it is worth noting that banks
having varying dimensioning, with respect the banks and within the banks, are

envisaged.

[0015] The desired effect at a single fin 10 is in part illustrated in Figure 2. Air that
comes in over edge 30 is shown entering in part by arrow 42. After engaging the
louvers, it flows through them and toward the region labeled bottom where it can mix
with entering air (arrow 44) coming in below fin 10. Some of the air stream 42
continues parallel to fin 10 as indicated by arrow 46. Eventually a portion of stream
44 that originated below fin 10 and parts of stream 42 directed below fin 10 engage
the louvers in bank 38 and go back up above fin 10 (as indicated by arrow 48) now in

general alignment with the cooling tubes (not shown) in openings 12-18. While flow
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envi saged. [0015] The desired effect at a single fin
10 is in part illustrated in Figure 2. Air that cones
wonoovsseiedge 30 is shown entering in part by BCTM82002/002226
After engaging the louvers, it flows through them and
toward the region | abel ed bottomwhere it can mx wth
entering air (arrow 44) comng in below fin 10. Sone
of the air stream 42 continues parallel to fin 10 as
i ndi cated by arrow 46. Eventually a portion of stream
44 that oqriginated below fin 10 and parts. of stream 42
PR RED SO F P'ﬂu%@n LEGS Slflﬁsﬁ? ibthversvilhanpariatgghat there
afWp BPalRPGK iHP1iREO 2U Abb Y arkDodi it WHbSApainp Y aRbE @ptiAaed to
now i n general alignment with the cooling tubes (not
alipioihA fiDite tigReniod deuveps affadjagent Gng %ﬁmﬁ@éﬁ%a]géxoow higl @portion of
. Tl ‘ se Skil ) ar e
o) RS et L B85 I Lol By, B n o
aabevad. aMidrdveenthe width of thesprcingddmed by coph loriveedr the width of
al,ter th ip t i £l ' fd
T vl it B PPl P Bl AGARRERhy P o
tisd Toaaenstftora apare eprésatted by acraw 42agees detcaw Giet fint tr makghturbulent
inth irection. of aryow, 44 reover,. th Ldih of
flofe Wb B e Rinadn Bl P Hteghy R vEl ip &Sty Rpferty. any
fRAE fepkardiet gbzta&%w 4?TF¥S b?TMawitﬁ @loor pAsBingtdawretirough louvers in
constgnt. Additio y ow t hrqugh the | ouvers from
06 TRAus S 100 B5reIRFIH 2P8° GUAS oSt A AP pngynier
streka 48Wobtthg0p Fon®Behl fin t D Fostub®amMnixidi NThé FRictsnast
under the louvers in bank 36.. Simlarly, an

fl
PR SBReBHe By D PR ABURGERL fi55 AP>SRACER 5 POl TpEREndgom the
FHPVEs R QI lﬂHt‘é%'b%cihE or B&jaR&t think! ChnaRDRichhily $&kd in zone 50,

Thereafter as zone 50 I's crossed, stream 46 _encounters
for examnla.g(Seshigyedp Withraseewip thapricmtation qfifilGh ey the first bank

X I . eff ted:
USSR 8 85 SRR S g R s 3
Have mnepaive stope) witlrthe fie t0odeffming thedf-exispadiwith e Y-axis

adj ace fins,,.C e ' V. ' or
AR AR SR JR SRS ek
orientation of FIG 2, the first bank of |ouvers 36
[A0E6]sEigdres 8 and vierepresensi anj atermitivp embadimentithas in szashways is the

s?%régg?*fl%}r%%i/%% 22?%1%338'{%5%&9% Q%LB%/ eéaﬁly? g%ﬂcssvgé’ I?mh I&%’.fétgrting
from edge 30°, breaks 52 and 54 are illustrated as converging away from edge 30°, in
effect creating shorter louvers measured in a direction perpendicular to the incoming
air as indicated by arrow 42°. In the same bank 36’ two more breaks 56 and 58
diverge in the direction of incoming air shown by arrow 42°. Bank 38’ can have the
same treatment but offset from bank 36° due to the layout of the cooling tubes.
Using shorter widths of leading and trailing louvers in a given bank tends to make
such louvers stiffer and distort less when subjected to air flow conditions. An
alternative is shown in Figure 6 where a break 59 is aligned with the direction of air
flow and with the tube in the bank behind it passing through, for example opening
16. Bank 38 can also have such breaks such as 61 that align with an opening such as
22 that is in front of it. Indeed, a variety of configurations for the breaks, such as

convergence and divergence and angles therefor, are envisaged. Furthermore, Figure
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extendi ng through a I ocation between the first and

second banks of Iouvers. [0016] Figures 3 and 4
woem7assrp an alternative enbodi nent that in mBEeT/USa003/002226

is the sane as Figures 1 and 2. One difference can be

seen in banks 36' and 38 . Starting from edge 30%

breaks 52 and 54 are illustrated as convergi ng away

fromedge 30", in effect creating shorter |ouvers

nmeasured in a direction perpendicular to the incom ng

air as indicated by arrow 42'. In_ the sane_ ban
4 shawsHbricononiER SUGEATH 258 207 béYf‘grélﬁeﬂ TeRecnhl S o7 Flapecs 60
and 430 zﬂ%&gct% ha%ﬁ%ut ﬁ¥d@céﬁﬂWecfffalstanB§Bl§tV\?a%n pasdllehfiue t he

same treat nent offset frombank 36' due to %éb
Optaywily, sfaceisddcbotiriy Fignse3 andsispgsehatvern (it Hs s can

al %e%g{lsgeg IR QI? i tht g%%&w& tahfe Qetgz'e&? And a0k Reairffig tOFigure

ouvers s er an distort | ess when
5,3ukbgoi toough mised bpening 66d$ shaorrs . [tAns alfleaghed prased from and

gegnli?:? d Raﬁﬂf&:&? u&1e rpq?,r} G £0.0( ?ﬁt&inﬁ @l ihgp ﬁgar%é Bla‘h@ ®f the

and Wi e In the
fikebiand prdveptsssarpihgtditieifh 10fvd1terea(mbp |(@0t@pgwphg; e];c@anded into
Bank 38 can_al so have s ch reaks such as 6 1 that
Se&PP%FiOW?thW‘é}ha%BB?ﬂ‘%S ﬁjlc § 22 that is in front of
it. Indeed, a variety of configurations for the
[oon e]almosésmﬂbcaﬁl tﬁeam ewgappmcmdt}dt viengenewn kvarade il bs

t herefor, are . Further
opRPR TGS S i taizel i Sgorfign F Vg BREite to cost
pRSs@Bdr &Y, ovEﬂaﬁ%%?anﬁQh@ﬁm ﬁarfaﬂrﬁmmcCommdma]ltyt@f mittarns such
predetern1ne di st ance betme |1 el

a OBy B AISpS 108D ARG I S FD FSy ot ig Smbodiment
emgws& SuONSa®drnd) Oh @ FHidkend hr&&nﬁen tsaeixing oAihetadd strentrein an
aration di stance between fins 10. Re%er rin ‘gsmg planar

oFrg un@r@nd@a@é& ovsh petieadgkPs e LsamahRSTFHG!

ﬁ?lg' QX%S cbkt. gﬁéﬁ&nﬁloﬁf‘% SRy, ahRAeLshd 6‘£Hi‘1paﬂéi'ngﬁﬁﬁlga |t+vys or more
l'ane of fin 10. A protrusi o N 46

rmws néwb% hleo prcan@tesafherrn@l I?qrfPrT@n%%Pdp?aé’@%ﬁ?Sé n‘x-/\}/her ’;‘f an

des1§1tx N&ad iy %91 M%Hleaof{tﬂgfouQQﬁtmﬁr}@M&: dxﬁoﬁm&l’&ﬁ dlelxfglor

I ng con an openi ng such as 12. 0017%5
vitiresen ﬁrbnd aleﬂowramdrte same exfant regygeseRieaiuEe derof thepiges

can be nade in the optim zation process. Wiat is

[QM%] %ézﬁlq the aBoveCddsEEp s Gflustadiiiva Bl 8gerh platy érfib&difheh, and
many modifications may be made by those skilled in the art without departing from
the invention whose scope is to be determined from the literal and equivalent scope

of the claims below.
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pressure drop, overall size and thermal performnmance.

Commonal ity of patterns such as |ouver dinensions and
wangl7asiaaves cost; hence the preferred enbodi REMUS2007/002226

enphasi zes such patterns. In the present invention the

m xing of the air streamin an over, under and back to

over pattern hel ps the thermal perfornmance. Using

pl anar fins saves cost. Spreading out the over, under

and over pattern through two or nore rows of tubes

al so pronotes thermal performance and saves cost. The
Czag@g%e 3 and 6 designs add strength to sone of the

L Ts and reduce distortion fromflexing or

1. Wi HpaBbxdhangérpBdm@ptisihg:ow and to sone extent reduces
pressure drop of the air 0018

b
descrijR PE?A“Y 8 ?qusu%ﬁtlfﬂéﬁsl 1y rsé"f’t‘ %W (g%ﬁg g‘\#%%]tyéﬂanar
ﬁnenﬁldrﬁﬁy ﬁlﬁ&@r%bﬁ@hbiﬁ@% taﬁxn@somqel&v&mmaes&kmh lbadk bp

he art without departing fromthe invention whose

Ioweqo@ ingially rgecivie flaidiip begopled tnd Belovnstipaim banlg of louvers
adjgagyxlfn]tvsalcﬂ%su%ﬁﬁﬁﬁngfof 'i&f%efé F%?g?t%lrso%r@gﬁl'&ﬁo d]rrectqﬂltﬂlﬁaﬁom

anger, conprising: rows of tubes
the tupe:feaeﬁm tm@leéopbmdlthatﬁroandsmktta e tablof spiddiags the flid

paffih didle/Bid b ar ARGl difyale] DotLom o/ de and

P& E88m vers to initrally receive fluid
to be cool ed and a domnstrean1bank of | ouvers adjacent
p eam ban yuvers, said louvers configured
2. ﬁg g‘e%eéﬁcg?"f%er £ llf(’lb Fhlt Wee 86 of a fin to the bottom of
t hat fthe skpe did@lvetintshil Wpspeah baak das the regativreslbépawouvers
passes al on d fin past at least two said rows of
1n€ﬂ§é§WW§t %ﬁ? ﬁ%at exchanger of claim 1, wherein: the
sl ope of |ouvers in said upstream bank has the

negative Iope [ ouvers iin said downstream bank. 3.
3. Tﬁé%ﬁ%ta"lxc 9(‘&&?51?381(“ » PSS 1, wherein: wherein at

L east \gﬁereirpamsast bhe pﬁb& 2aoth baalkaniexdead 4y ealaabpl and
(0] an
belov!? said bottom of said fin.

4. The heat exchanger of claim 1, wherein:
all louvers in said upstream or downstream bank extend an equal distance

from said top or bottom of said fin.

5. The heat exchanger of claim 1, wherein:

said louvers in said upstream bank extend only from the said top of said fin.

6. The heat exchanger of claim 1, wherein:
said louvers in said downstream bank extend only from said bottom of said
fin.

7. The heat exchanger of claim 1, wherein:

said louvers are formed integrally with said fin.
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bel ow said bottomof said fin. 4. The heat exchanger
of claim1, wherein: all |ouvers in said upstream or
wdawmTassaam bank extend an equal distance fronPeaiud2d00/002226
or bottomof said fin. 5. The heat exchanger of claim
1, wherein: said |ouvers in said upstream bank extend
only fromthe said top of said fin. 6. The heat
exchanger of claim1, wherein: said |louvers in said
downst ream bank extend only fromsaid bottom of said
fin. 7. The heat exchanger of claim1l, wherein: said
8. Thahertsxshanzeppheldim Ay WHPRIN'y with said fin. 8. The

heat ‘jzsfchﬁﬂg&sm seclla?s'emo%emi’x‘@setbedceept%ﬁiddtuﬁésﬂﬁnd%maﬁs‘éﬁ
rai sed openi ngs to accept said tubes and said raised

opepiags srse spicentfi)sas @mredatermingd disigpeqiEpry sAch oFher.
di stance fromeach other. 9. The heat exchanger of
claim1l1l, wherein: at |least one end of said fins is
9. Haamemﬁxchaingehefp]aand phesini:d pl anar fins to provide

oL SDL A PoRelth SPLkg 04T Bl R GRARERLALI LA

préviabanasith @ saiiend 1, wherein: at |east one |ouver in
a bank extends either fromsaid top or said bottom of
said fin. 12. The heat exchanger of claim1, wherein:

10 iThe heateRkkBariger F thRh 9pfvheid banks are par allel to

each other. 13. The geat exchanger of claiml1,
wher ei frid end is corrugate

11. The heat exchanger of claim 1, wherein:
at least one louver in a bank extends either from said top or said bottom of

said fin.

12. The heat exchanger of claim 1, wherein:

all louvers in either of said banks are parallel to each other.

13. The heat exchanger of claim 1, wherein:
at least some said louvers in at least one of said banks define at least one

break within at least one row of a plurality of rows of louvers that form said bank.

14. The heat exchanger of claim 13, wherein:
said at least one break comprises a plurality of breaks that converge as fluid

enters said bank and diverge as fluid exits that bank.
15. The heat exchanger of claim 1, wherein:
said banks are spaced apart on said fin and spacers to separate said fins are

disposed between said banks.

16. The heat exchanger of claim 8, wherein:
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15

at |least sone said louvers in at |east one of said

banks define at |east one break wthin at |east one
woamw7od@9 pl urality of rows of |ouvers that foraraaz@7/002226

bank. 14. The heat exchanger of claim 13, wherein:

said at | east one break conprises a plurality of

breaks that converge as fluid enters said bank and

di verge as fluid exits that bank.- 15. The heat

exchanger of claiml| wherein: said banks are spaced

apart on said fin and spacers_to segarat said _fins

are di sp@ma@é@mwngéﬁﬁn%ﬂ%ngel }ye%qrallel to said fin

9 BaidPihat Bhsed openi ng
amg %’Qﬁg\g’%gl ogrcwdg Cg?l hegght%l al Ii‘/1 giaral lel to said fin
and a protrusion |n or adjacent the plane of said

planar hanger, conprisng: a
pI ur al’i }Lyau efﬁl‘imﬁgr r!:%{;'L&“i%ﬁgal ity of genearlly planar
fins heplurgityppfrubes;es for recei ving the tubes

t her et hrough, each f n_.co n

| ouverasPha‘F?g ity,0 g%‘iﬂ?ﬁ{} Welt"r‘g;nsfhgﬁgl&aaé)eh \A%tesrfgxaﬁlé?ﬁng the tubes
thérothy&llgh, 8dcht fiecdmpasinparflesyiraak efiiowres afd aaserq:egd bwc of
10%\?%%%%%@%&2?%8% ﬂ?e%}é“haﬁmr\%engpnﬁg FRag pnosmve slope

anf nﬁe RuoB8 DRl RGohdkaik pickdht HiRsqRe oftthe hb@tfvlemr pb&tive slope,
The heat exchagner of claim17, wherein each | ouver of

th?ﬂép?ﬁb%@gﬁgﬁ%‘%%eﬁmt%ﬁ% ¥t ope and each | ouver of
the second bank has the sane slope. 19. The heat
exchanger of claim 17, wherein a first_ row Ott tgbe [ h
180f f set The lget pé@mer QESIEMSED OtheTeiB et IGuYBRSE the dtstpank has
th%~I g%é% EQ Qll[fkggac ofib @ JPtd secBE bh@nA the ssthe ERWeOf

gne W|th respect to a second row of
t ubes.

19. The heat exchanger of claim 17, wherein a first row of tubes is offset with

respect to a second row of tubes.

20, The heat exchange of claim 17, wherien a first row of tubes is aligned with

respect to a second row of tubes.



