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WO 20071089619PCT/ US2007/ 002226 FI N AND TUBE HEAT
EXCHANGER I nventors: David J. Abraham an
waza7e8sin M Conr oy BACKGROUND [ 0001] ThecwUS3081§02226
invention relates to heat exchangers of the :
fin-and-tube type wth 5an 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
t ubes passing_therethrough. The fins i cal l
i ncor porat e %WUWQTHBEQ%E@&EXP@P%@&M aﬁd mi x
the air flow across the fins to increase the heat
transfer. between t rf.aces of €. 10exchanger,
whi ch i HEVERRrs ﬁé‘vg&r%&@“gﬁnf’ﬂ%kgwﬁgﬁg&ﬂ?ﬂf e outside

surfaces of the tubes, and the air flow One issue

BAl Rﬁtﬁﬁﬁs When disrupting the air flowis a pressure

fOp across the fins. A significant increase in the
pressure drop across the fins is the penalty paid for
[008Y] The swhiewsdnvassion relaies teheat proipmpersiad tiey Gwnditiks ype with

' ' | ouvered fin designs for fin
ﬁa%ﬁ?ﬂ%ggfg%cgﬂ@%ﬁlgﬂger s that inprove heat

di ssi pation characteristics while reduci ng_@pr essure
(0802 Fimarid-twbe tynedwiahexcbengess arsnwell knowiri e ast Thesa hest
ek iibnde Sk Of B LTLARG: bRBL EBE b I fough.
Thenéins typiedly ibairpovaterainurhberod fdpuners teatedirectandinmx the air flow

full.s¢o of the.i RV |
acrRioedhS PR e Bere s R bier vy et e Blreies b heat
exehibngirnwhich indudetheanrfices afuhe fips end thseubsidksurfaces of e
seri af ;parallel -a | anar..fins that have .
oS an s £5 808F Onisa BeParE e Aloni e B KE flow s 2
pressire rdp dcBdssnbefing, Aubmsficand irvcrefmes thegaessast drop across the
| ouvers near ap_adj acent tube row to direct air back
i i RoTAT R Rhe s BT ex (o 28 The
upstream | ouvers can have the negative slopes of the

[0003 Theefore) thuneds 8 noed thrdmpoowidzint vared fie designs Farfireand tube
h%ag ﬁlgrt' i eéqs%%?#%r%ve}%@é@%ﬁﬁﬁ?% @{Bgélclggrgﬁ%'ga Mﬂrﬂ% Wdicin ga pressure
dieplih €1 Ab@thg 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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DETAI LED DESCRI PTI ON OF THE DRAW NGS [ 0005] These and
ot her features, aspects, and advantages of the present
WO teeodoedn W | | becone better understood when Bdwus2007/002226
followi ng detailed description is read with reference
to the acconpanying drawings in which |ike characters
represent |ike parts 5throughout the draw ngs,
wherein: [0006] Figure 1 is a plan view of a single,
exenpl ary fi n show ng the | ouver |ayout and the tube
openi ngs; 00071 Figure 2 is a section through the
DETAdL.EPsDESCRIBTIQNOF THE DRAJYBIGSF gure 3 is an
alternative, exerrpl ary enbodi ment to Figure 1 using

[Obl%ivﬁ;e%e ahd bHeR ‘f‘éatt@f'és V&sﬂéd@ss af dd0ANSs RN ARt e Mviehtion

. 'gi ven bank of tubes: [0009] Figure 4 is a section
wx% tmpmmhﬁtghundeéstp@%wém ﬁ@ffOﬁpymaed%mlf[thPfel]lPtmwF%ﬁdsW“h
! Brthlke part
relferfho 3L dooBlrtnR ARG AOhRR e BBt A Al parts
thﬁughomtﬁedrmmggvdlaﬂemferent gap layout in the
| ouvers. 15 DETAI LED DESCRI PTI ON [ 0012] M coolers are
Iafy; £ifl ShdWing & Raver tayout
{oggﬂpeﬁ%gt&}:w ng tu Bf)égmgi&' E*%H%g{r&a [ el togeac g?rhg?’ou
andrthe ke apedinighe rows being parallel to each other. A
collection of fins are generally stacked parall el

I fin 10 shown in
[ohﬂgﬁfgu%f%%ﬂ&@g%%igﬂﬁﬁlo ﬁgggﬁpﬁ art| ‘al view of
20an_exenplary fin for illustrative purpgoses to show a
[0post Blfgurﬁgge%araezlterqatwei@cmwsembﬁdlweteﬁmﬁlwget 1 45dag louvers of
iyl PMKad s 20, 22,
sh%ﬁ@f %d&%@ga r ebc%g\?%g Ql?lugg'sgq*/?{ al so fstﬁgév\sﬁ Edge 30
IS the upstreamor air inlet edge and_edge 32 is the
(080 Eigteafnio? seetion gy éhm%&}bl@e logxean PERIESIR Y, each
illustrated edge has a series of bent triangular

[OSE'GPF%U%LS $a aediltafondan’dpghitiet fir eftutidianédges.

25[ 0013] The upstream | ouvers are general ly 36 and the
trea | ouvers are 3 l,ouver
(09 hk s Sin e pifeyieim erip g grihodimeph oo e e Wi
iR 389 ARG IANEE)02226
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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This forces air that cones in between openings 24 and
26 to work its way around opening 16 since the tubes
w@ rot/osleown) that go in their respective hol espIBS2007/002226
offset fromone rowto the next. The | ouvers can be
punched out of the fin 10. As illustrated, they al
ext end above and below a fin but variations can be
used where 5sone or all louvers in the upstream bank
36 extend only fromthe top and sone up to all |ouvers
in bank 38 extend only fromthe bottom [0014] Now
Tnhﬁﬁkmngnaﬂmﬁ%qmweuﬂm$WﬁmiumnEmséﬂmudZﬁﬂOWﬁURGESWﬂGuand

oplgﬁlléjx\é tgggﬁ) zgg’toﬁ\ﬂﬁf}&h 3l P%(I) ﬂy%l%[rq'eﬁﬁcﬁg@g%é alie offset
ﬁ“&ﬂm_ei’oﬁm@t}& rit. ‘Fhicloueess 24n beporiched opeof thedinf 1 A9
mrr

but 0 Iit, th f
e o A b a i TR A PO v st S
sohlt Mo Pers Il thel 1@Jéuea bark Bﬂ Ekteﬁ& okt £om thb earmigbme up to

bel ow t he planar surface of the fin 10, although sone
alk lguyers ippank,38 P%O%Pélyc%‘im(ﬁheelk?m toward the ?egl on

marked top in Figure 2. In bank 38 the | ouvers extend
[00PHVRoaNdolkiak QWFidhee R t&ea;heﬁﬂahbﬁoetmfupfstremﬁoom 36 and the

optlonally sone to all g ? gouvers tH aub h%ftﬁfd ¢
doyynsiream lopers 88 icam mase RisarY BB SEF L A F@'ﬁ ot are at a
cdrhinbS bh@k A9, sidhes33Y] WitR kespBetl tb Hial 100butGh nsiaeh uh@ge/ eAs a

in a bank such as 36.or 38 is the sanme ? close 0 t.h

regaltnihe dopn ob e BT [rokARk 3 5 thq BREAHER T TSJRVAE SLoRe i panis
38 "Phd fb%% 12 BRG 86 ekichl %bb\%w&ww&lm dﬂaﬁacdmrﬁaa Kf AR )fin 10,

vary resp ect to one anoth er, esired
alﬂwsh sennm ail @iﬁ thst louers couilextang tawslawbe TggioR @@ﬁk“r%mp in

Fig Inzbalfksjst l!ﬂ@ 108\ Es Q&e A dvé gﬁﬁ%eﬁﬁﬂﬁw Aishr s 8ce of fin 10

I'mensi oni ng carry orvvar as being the sane or
butmﬂbyallmmatmalhﬁleﬂeume thert ¢qudd extend gRRsintthe region marked
at | p l3s
bﬁﬂf i\igruﬁwf E"? ﬂi’MshF e ,S‘ﬁl%%ﬁ Ie él\?cflﬁlaﬁgg 'ri:’?; F{rt]cél IUW\@ME bank
smhhrm I36I(m 3i8rig thevaante oradpRedDd th&mm athiacent tdvivar inHhat bank.

are_envi.sage
nglg?&? tl'ﬁ H‘xcfaan%n g & gi‘ ﬁ'(%]lgv]]we; Wi dé%cﬁ%&ﬁ%&r?ay ﬁg' Xﬁ’cfh
rs‘sﬁait t&Bﬁ@ﬁmﬁhd:rn 1fhiesrreda dike Giﬁallchznsmimm offitedpiivay in A bpuk.tas

fter | the | ouvers.. it .

s iB SRR Aolh ARE TS RBTGT PrEe PRDFORY Bbalmshege Blfney cary
fd&oh@fcﬁad Beig@theSae 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. Airthat
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 siream 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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with entering air (arrow 44) coming in below fin 10.

Sone of the air stream 42 continues parallel to fin 10
waeornshepat ed by arrow 46. Eventual |y a porti arems2007/002226

stream 44 that originated below fin 10 and parts of

stream 42 directed below fin 10 engage 30t he | ouvers

in bank 38 and go back up above fin 10 (as indicated

by arrow 48) now in general alignnment with the cooling

tubes (not shown) in openings 12-18. V\hi le flow

aroundam;\ilefln 10.is illustrated, olse skill ed

und p gingle fip {9 s illystrated.these skalfed lﬁéh%a%rvel SPpregiate thay there

ar@f P2ty émslaﬁceaiw&\é%a pelcitivihosk Qﬁzﬁ:l%’é‘eﬁi Blogififized to

e optirmzed to alter the tip to tip gf) | ouver s of
almjtb@;@mto 1ip gap eflgyversof Iadtapﬁg ﬂnsvthlaﬁ rg2ulatipg howrbiga portion of .

i tecriRE e 86 & AR o Yyt Sttt il if BPdivection of
arblow ddy ddoredier, thicdvidttobf ﬁnhapaptaetdleﬁaetﬂhf eaddlobyers@dhe width of
| oyver or the w dth. Qf eac ver sel f.. e
easB e el i e atiod or RRiblairdd kEhsthaes AdqifSHaE ow through
ttiehbmeg.h ﬁbﬁmﬂgoa }mfraseﬁﬁeal?(phm 42 [@eebflft\ade s mr:?]ajw tddulent
oes low the fin to nmake tur ent oW \M e
fiw vaith theSfrerm thing ta Bqfpert Widge e REVar I A #41 $idhlecly, any
18- reﬁleﬁ@dtétr by arréW Y6 A48 b HERWERENEW Pabiin @86 W tKiBuBR Souvers in
mx w.th flow aSS|n down t hrough | ouyer Ot he
theaet fip AbaYSotb 191 Thoreafteriae zong S01¢ cessstbralront 46 encotinters
st?éa?&ﬁ@ Gmﬁifr@@ﬁ%ﬁomqumﬁf& ol anixdidh, CDNEsB @ffdbts afedM
bel ow f for further m xing. These effects are

repepied ek betaecn sarairs afindigesant osof0. Sppere fic whichexigpd from the
ﬁ§ﬁ@%‘ﬁfi§ce5to fBhieRe oif 4 ﬁeﬁh?ng lcBn, € oﬁEBlfleﬁ def in zc;/ne 50,

facilitate spacin a J a ent I ns, can t1onal
farsaamply. A8peFDre { or We&lawwest to( tBe eriPhigtipe of FIGA.tthe first bank

ﬁ]g%?gliggﬁtage Hi% éc? fté\?en& g&%ﬁ{)eoakgé\; Ivﬁﬂe?the E%]:%n‘:i Y: ol? mers 38

ouvers are s poSi
havd 4 pegatige slopenuith drkfini 0 Ideﬁmagsthexmawmchwnbghe szcis

a0 gifobeh b REalibR pveel b ool Bale et

first and second banks of Iouvers. [0016] Figures 3
[0016] Figueen 2 amhé r@rem an pHeinetiveeerhbeliment thah it miost wapstis the

R
o edgar:iﬂém'ezﬂ{% S2whEsH aedllidttamt &saaoade@mgmmeﬁgm@ge 307, in
e .30’ in eff tin vers

e ErrRE RO g Pusre PBSired pL B TP RO R T fodl Figdming
aitiab itlicdtedib g airewt 42y, Iarthevsarda bank 36°t the marEbrbaakSE4nd 58
eI SroLen R kg 3 Doeae 437 Henk T8 e P the
s@ndReithRat PRIt froff ﬁﬁﬁtseﬁ Reed ekaydit offdee éddlingtubes.
Ulsglgo torl.'(e)lf wxcpﬂ?s lg!mliuq dl’lél traxhng 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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in a given bank tends to make such | ouvers stiffer and -
WQ2087/089619 ess when subj ected to air flow condiRGTIGS20074192226

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

exanpl e opening 16. Bank 38 can al so have such breaks

such as 61 that align with an opening such as 3022

that is in front of it f

. . ed, a variet
4 shows s PRENIBESSUCH 25 tpbangd 203ENe efed el £9.ap4 6% Flanzss 60
amgg%’ ?Lsgeaeﬂé ARidtA0 8 peRletiRiddistanéecostweers payelkel fins.

ernore, Figure, WO 2007/ 089619RC T/ US2007/ Q02226
Opfiopaliyvspateas 64 payymigstighee é%do §P°S§ng§’6ee“rf8¥)’é °?gu°§°é §an

alsh lb%qggc? t@glagﬂﬂg% sephRBYs RikthRMénbeendtimol (R Refemring to Figure

maintarn a predeterm ned di stance between paralle
5, 4 sextionGhtough akibsd opspingfGiscipowRe thhas spagg(from and
Al SRoRsd fighl 9irbr e thedane of th
gewlaﬁy gfzﬁll?ﬁggv@g Elaﬁg W alh (?I:'R Froua&ibn 7030i flane of the

aration st'ance between fins 10. .
iR siid prevertowhigng of te fis 10 when ritube (o9 SRRV iR F¥RARded into

enin 6.5 S _shown. a flange 68 spaced from
seéﬁ‘@(&ﬁg?@: gﬁlér’ﬁf‘npoé’regmgeﬁ%?gg?ﬁ'e pl ane of fin 10. A
protrusion 70 is in or near the plane of the fin 10
[oouw] Those skilledimthei argwil apprecisterthalhangss canbgpaadeigibe

sha IS _ex ed. i nt.q.. i ; '
A e T
prédstte GBP; GRirall sizé had thehanigesfoaraante Graguonality pé pattems such

Ooptim zati on process. Wat. i L0oj ' .
asdai PGP g sa gt hEndib Phdlied Smbodiment
entibiRRize® VighahditefiisZ i !B ghrédear immentier the mumingsef the air stream in an
mmonal ity of patterns ch_as.| ouver di i

ovehgmer S Rkl BYer RETER BRs 1 Br T S AR el
ﬁﬂ%b%&c?s}?.%pﬁ%@@ﬁﬁtﬁé B%er, bﬁdérhﬁdmvespatéem ifhrengh tyo phrore

m xi ng of the air streamin an over, under 0
rouseat TPRAEAAPTREIERS (oA REFRAT S Al UGBSt Qe Agpire 3%nd 6
de@é%@%ﬁd %g}feﬁétﬁ 1S SMBS of Aeliouaitt ead rdiycedistdrtien fivar flexing or

u

er and over pattern through two or nore rows of
vibitien f50rs @inflayBRAL 1A RHPNLTERNGSH PEFEeoP ShiEaT

cost. The Figure 3 and 6 designs add strength to sone
{00 g} Agalr0 H}téeib‘bvé?lgsdfi'?ﬁbﬁﬁs gh&trﬁﬁﬁé ofexferpiary leentiodgments, and
vibration fromalr a tQ .s0 xtent.re es ..
g S Boasionp sy BerBads by Rpéﬁﬁgﬁe%‘égﬁlﬁ,mﬂ\ﬁgﬁ%tﬂ;ﬁ%g%lng from
m@%@&%ﬁhi\ﬂ{bgk% |d 1484 balibréanived SR Hedityrat aid siuieatest scope
an

) many nodifications may be made by those
ofthelclamsibglavhe art wit hout departing fromthe

i nventi on whose scope is to be determned fromthe
literal and equival ent scope of the clains bel ow.



6 CLAIMS: 1. A heat exchanger, conprising: a

plurality of rows of tubes intersecting a plurality of

substantially planar fins, said fins further

conprising a top and bottom side and an upstream bank

of louvers to initially recaive fluid to be cool ed and

a downstream bank of | ouvers adjacent said upstream

bank of |ouvers, said | ouvers configured to direct
cLiaims:d fromthe top of a fin to the bottomof that fin

and back to the top of said fin as the fluid passes
1. al orhestaixchahgen, eaptisiat | east two said rows of tubes,

wherein the slope of louvers in said upstream bank has

t he arphgatiyi ofeogd ofpebeafintbreenting a8 plunlityadf dulcktantisly pEaan finandaid fins
furper chiverisieea top rechizotigm side fand hravprstréam bdnéobiouverstp evtellmeeﬂwe fluid

to Pea@ﬁedoafe 3 @ﬂWétrearrth@!stOﬁ loé‘ﬁfsd aq:%ﬁektssaexltpéiﬁ%fﬂa L4yqys, said
cgmlgurs | fr ﬁgﬁv ifqo omo hat ;Q hto the :Ic:p
p g sai a s, wherein the
% \i&en sai Qrsér Ofban E F gggl'[% dddownstream
ream or rream bank ex a d| st

rom sai d top or bottom of said fln 4. The heat

2. eXCRAD Q&S eRdhaftdeRbiBiakm 1VRRS & mnesefm st :éaewerzawehn $8thdaid banks
exidRBAH00RERIDBH kndbeloandid®atiom bsarfibhe sai d top of said
fin. 5. The heat exchanger of claim1, wherein: said
3. | ouwRE Redt Bxchaigar ﬁ@mt,m&mnbankuveosﬁremj upstraant dr @BWiSstregn bank
extend srosuelfdissmcalfrdnt said top or bbitem besatd fiexchanger of claim 1,
wherein: said |ouvers are fornmed integrally with said
4. f I n.The Feat Tkrbatgeatf deire hawgperin: ahid ddugersrinlsaidwipstreamrbanis extehd only
fropi thessaiddapeiisgid fif.ai sed openi ngs to accept said tubes and
sai d raised openings space adjacent fins at a
r ed 8¢ BpFiieneanesr st erive!. Mhengine grith lopeRein saldglowrigam gpk extend
°”&%8'Wa°’ﬁ'ﬂ€?“°6’f°f@?'5f‘?n 1, wherein: at |east one end of

said fins bent out of the f |
8. t 0 HP%{}?%SXCE?T]Q@}@{:H im 4 nggrea gt?vee§%rerffs1r2r=e% éﬁeg?a I?(mth said fin.

g g] 1 =5 C rrur% oaccept
130 Tttt Lofea ol e RSt oo
otfdP€ Touver exten S e|t om sal
said bottom of said fin. 11. The heat exchanger of
8. Cl aik heat WAGERIER of @it 1| AHMER Satiidhs€idenBl oPfaibBisds BaRKSt of the
plaaéef@@rpﬁnhmnst@rmhtretdﬂetbsa;déﬁ’d The heat exchanger of
claim1l, wherein: at |east sone said |ouvers in at
9. | eaghe pee ethaiet & chank svheehi ff ald id @asdatene br eak
within at | east one row of a plurality of rows of

10] ouviee 8edt Badhadgar shciin ¢ Wharek: at least one louver in a bank extends either from
said top or said bottom of said fin.

11, The heat exchanger of claim 1, wherein: all louvers in either of said banks are parallel to
each other.
12. 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.

13. The heat exchanger of claim 12, 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.

14, 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.



13. The heat exchanger of claim 12, wherein: said at

| east one break conprises a plurality of breaks that
converge as fluid enters said bank and diverge as

fluid exits that bank. 14. The heat exchanger of

claim1 wherein: said banksTare spaced apart on said

fin and spacers to separate said fins are disposed

bet ween said banks. 7 15. The heat exchanger of
15C| aiTAR eat WRRLMRENGT claim 7, wher@@i d rai sed opening defines a

fl ange substantially parallel to said fin and a

pr Otshid &diged opdhirgldefds a@aije stittanphliaparaiad tosaiddn phddn@btrusion in or
adjatemt tha Blansfoflseid plaeardihanger, conpri si ng: a first

plurality of |louvers defining a first row crossw se to
16an @ heaffdxchangerraeoipiising; wherein all of the first

f Ell uedirst plyraify of lenypscsfininga ti;@t rglv togsaisedq yprir flow direction, arherein all
O

gé@hﬂur 8 felﬂllljtt\;ﬁr Irc]ﬁw: % g}ﬁ; ﬁrgl n & Sec rlfl Hx'rectlon and
rea from Fthe tlﬁow lz'\’}:jht‘;l'ce rq'\.';gi’ mzersc% {?r?a%s ers 8 second slope
dl efe
l: Pl U3kt &ﬁr@&ﬁqwre&mh@?ﬁf thfougl§ GRIY Qheshrgpr%wcﬂrésfsﬁ E@EH the air flow
dirkdtiomMwhBinfdaéBtlibesdf @fadirst plurality of tabdsihbSénipdridipasdaby and
t ubesseeoct] hakilitypf ttibee erthndingl tirotigheorflyi the seqoodvraw gsswiss do the air
flow girgctien, whereifi lpasly takierad theiserpnd plhefite piukes s eniibenephssebe
first pIuraIity of tubes has only one passage and

ﬂ %($I l’ OfyC i q-ﬁ_‘reln tﬁe I‘ndS 0n o hC)r gueg ndqh]e Xecondeslo e
s R e Tl SR B p
eac tu ity of tubes has
only one passage. 17. The heat exchanger of cl aim 16,
18Whermee Redt laechbmges bf cird pe, wherdirosich tube ofihd fitshglursleg afndbes is offset
wit Irespect joseapteigbe ofiie, seopndtvherlifyiof Bbess| ope i s negati ve and
the second sl ope is positive. 18. The heat exchanger

16 wh t first pl i )
R éqgjb F)%c gzgfag‘%% ﬁ E%EIB gecih ttl%e Eﬁ‘teﬁilrs:t EI @Hésutr t@?elgtlsyahgned
W't & c]f T F 19. The heat exchanger of
cI aim 16 vvherel n each tube of the first plurality of
tubes is aligned with each tube of the second
plurality of tubes.



