GB 2 '64 0938 ' 1 SPECI FI CATI ON S 65 '
I n a¢gordance wi th -this-.i"nvention it has been Tubul ar heat exchanger “tube l

bundI&Stfor use ' found that this can be achi eved by | NCGB 3010641093 B 1
t her e/ and process for- the nanufacture . . ¥vortex generators-in'the

flow l_an ECHCRmTbN N the thereof | 656 " In accordance with this invention ithasbeen =
tube Jun @uﬁﬁﬁdﬂ@%h&ﬁ@riﬂb@l&nﬂ&df%k@h ar e {GRAGRA i ARbE BdiclstSnddRbotalihg! g

'herthstiedie, i.e. are in a non-supporti veubeiwadle betanafthe tubegzald whick pws - of
a tub' bun e to. be osition relative to trfa%dtra-né*sewméaﬁrtwt@pbsﬂe«!a"aﬁwd
fedt ventipn refates o imp eﬁ&g‘ aspé€t°“teﬁ é‘f’%t%at%as °é'§éht°““’e

_ s hed tr a abilities of a t ebun rela h _
i nvengi oy ata@ qu eattefgﬁ e,nt I on reI aﬁ°§§ ']Etj ’t‘LQﬁ; §,ﬁ . prPsrth\‘Mlﬁt?ona
heat BxchgigeFasp cttt e iéh r@l@ﬁpfd t@hQGm Qi tie tfe comprising
el i m pat ea GbaBGEle to mAigate vi dimidatdxahage S e I aatouteeastxarenas ttu&et a9 ffble Burdil
causepl 1bycausedibavibotions. Ihstilknothier asnest e aspsdbngnbdtmny%Budtmgnﬂewdten&ieh Mhe tube
mount d i inventien retateeto @P&é‘l‘q"“g 3 'r'ﬂéd t“B?J@"‘idﬁvent i kundle edrartrieing emareey obrandileingbea

b

(i gi - t ub'é’ Wéﬁ‘ge" q!c:b:sﬁ}st Ve matﬁéf'ﬁ%ltvarft*tspd sy gptttfrrrﬁrtd. ate
+ l¢ F& ti f dplat r é%éﬂ g}fttersecé'\ aplurgtt\gw parallel o
6n e e t;at Emttpfat ond dirdd 1l s

| t y:r@tsfepattraé dnxatmat iABrRade Y \Sredslire @RP. AS PEGdnd ibB BolliYLIREiAiRY 5[ @ﬁaa alleid
nmodi fi ed iplyettaeothetiasmect, thernvemtiopraddettong Wi t h fdwpdnds mhiitudinafy thradighlshiglshell>

baf f Ifed tmehbﬂwmheﬂaﬁhbaﬂfzshas |ncreased heatbetv@@n said@ws ehd cvhennis and meesdord

diregti § Heatt “ffa’b 't'B'\R/S”"t"I‘ W a_niferdingla f'rbﬁﬁlt'éa'seumrﬁhrmge§ym@es

drop-§ 2 r%aie I_'Q@ﬁ’e %‘i {\ﬁraé‘a‘"sﬁrlour al PPya"%f‘ SeF8e dajlq' ’F’eq"ﬁ" W "
aSpet Corhpl Mﬁé& %u':sseb 9’%)( hQng {4 &V l tmﬁgﬁ] h@%& pr$se§ ﬁ
shel [f. novighict %aﬁxma%@‘f Fhrakdrhphs there - plurahty of “non-su

. { 0I unatsdotmhdnmesatamartdoﬁbel-bab héransfer i s pRBiibddB M dt RAE sPaé t,f sgﬁ ﬂa.mgnes -
f eedf n@Saexthanggrs drd sthersyingpadnthe At eilght sai d gouiresnedBiephoaas ﬂ1.ere6$sdt<£ndﬁ%bbpomve
Knowg, arﬁXPmssrrébtlgrtlt éﬁts'%ﬂd teF very hight -and ‘a. veeexuederfitorsicdmprisitigimmeat -

“sai dffl OV\?“N tHawewsn tBef i anot her i é"%%'ﬂ%ﬂhleyesmﬂwe f'an{?f@éDUF nn e“her -

eCt gﬁ)vement nanumber o rea ::\54 fj},séﬂl d %
ety Siog ol s e iy Qg;tng i) S@g Wit
the_r P ar eshelang ti-bérbﬁ&\ané_e@i to@reREm? ﬁnadeh re idfio atoﬂ&ﬂaﬁ%&% Bés‘éé‘s the .
Jvortix gemsultingdrom vibraioos tdp bemplepehergiie] | .andohisdiRnerploat € heat

posi § | onefime#“E?S ané/asm'ats b@f@esere %‘éﬂ'@eq‘l oW | anetn Pdacaiaksnnhe Byanton BroVieesa.

| ndek dn Pi‘ VPe that e t hauksrtdsdie foep besft exchariger as above . -
non-k uﬁﬁo‘féﬁ% Byl deecﬁgtart;dathwpybtﬂdgwomp"s"\s@ﬂ@ew of
gendf a essm eeettbadc ecdioo e Teldey 9”"00
for const @&Jeft}e A A Ay S i ow arfé,.,i)ﬂ ne

_ : \hqu ?ﬂ% |lt
a nynber thé heat easfer soetilzieatof sith a bundié €@, bei NP HRRACE !p,mst,%hes m%“{;@m

t ub- r@am'm o smpbwds tvpt"d th#'ea‘@ltwg* hﬁattuﬁerraﬂ§§rﬂrcoluﬁnﬁ§ dEWRGg 6 Blitahiyde .

t ha ‘1"5 %1?‘3' ulg OSP(‘?@%?% Gi ent s parabiel iow faged extehiingalomytde tube . - -
espg CI al I %ﬁgt‘ '® vor thuodls whareinitee tybchundie toraprisesshel 1.
and ftu ha" e stQ é;\{,e Ed m"ﬁrt‘tﬁf %""E“p?q'%"%}?ﬁ ;f:FPJ{ e
fant “ﬁﬁ@tmmw o bzftwi%gme; LR Bl
aspgct t hexchangerthé esul smxaeswasplame most. pl atbﬁ,ciaxag thb Rs éép@pfrﬁgggn,::e,&p QEGEF S,

t he tubebeaamﬂte Wiﬁ'ﬁ°é“ﬁgﬁ§ ©f as abaide, ﬁ&ep&ﬁﬁ&l@ﬁﬁbd owlohRbboinghs ~
o §Pt mfﬁ!ﬁﬁexcess & Space e::: | rzfuton 1 Iefirtindybatifiowdine, and bggng Wishgpedsto =~
arrpy AL Cedhd ea‘mggg 15 aﬁeﬁms Eqrtiqen &P ftuiveﬂedvurrpeﬁrleﬂwvel |

t ubps sy héd* sli¥s iRpremBG uﬁeﬁa.&mgrl d out si® N S
- order tomtf%adb?fﬂat@ch gsad.stceséu a0, paenti di ng O%'L%é‘ﬁﬁi gﬁf rﬁ})%’h f‘ ‘b‘a 'sef;sr

conist r uct4.936.736. blogde thb aubbsin thedubelbiundlg * kn nt off 206k Huﬂdt@ﬂé?m ? .
. i.nt-rséét‘f"*ﬁgcqmpletﬁ 'ad'?ilsmpamat‘%/s‘lbﬁémh&at tﬁf@&tteg aeegéd ih G lgRMpatRfn aﬁusbwamga L
,bu dt e ¢ 'ﬁd“cﬁf“b qeé ;‘:F PeVReims in a sewestic of tube edwsdmonestiteaiod Dtdosacting - .
dr oved Weé ' fj ':u é' DEC at ethe twb@amlmmwbpevlgnwdawbms '. v
def' Ni NG GevehiVisthiblyYaRbgeldt f é{)ﬁ){@r : | n di ec\"@'l' ai roa\fs ag%@ﬁq%deﬂmmga S
paral |I'gb ﬁéaﬂéﬂlclhaﬁ@&%nﬁﬂﬁeﬁﬂdl ng. aI ong the 1"UFY' 2l ' etube bun R '
" di gmet er - ofit wowis teidesirable in toberialindipswisicrei n ‘Egﬂb rbrg‘ig -
in t he ethpiovotiate bafifes tafurther frpseve lninthiesn of tgp@a,tg\é af;nfamqeatt,angaﬂaggh el
't ex  gewmensigr ‘éﬂeﬁm'ﬁ'ﬁé"'tha‘l!ié“cu'ﬁi“ﬁ&é“bﬁﬁé"abassagsa bbb, WBH cdrgised e3taBiSshing vortices
diti one'ﬂ“’P‘?f‘eé{tp"Fsé%{%tmEorre of said flow | atrete #5t musibndsislubinfiddiuni asntflows -
'ge to pernit passage of the 110 intermediate the ends thereof “said
3 - supportive ‘pl ain end of the tube for construction of the’ “vortex ST
-geherat ors - corrprl 'sing rmeans partially. exchanger “the result; s an excessi ve o
SR R G ng the respectlve flow I ane but ‘on e| ther bet ween t.he_ viihfedE el

e o Y M o o " o o o o




GB 2 064, 093 B thr ough at I east SOnE @f sai d fI ow | anes ' I .30
Illlustra 320%4%@3 : :
nonasypportrve the pr esent |nvent|on wher efn vortex generators in '
. {vortex gendéwesgdratlepseerneef seid fitwiases. $diow | anes  FIBHBE 3Qillnstigtes supshrs embodiman Gf
{non- support"P'\‘V'ﬁesrbétﬂgﬂ?ne@rtml a‘tfesut’PIet“@nds t her P‘esg‘&" ew@" ’e‘ vort ’t‘fgﬁe Fy gin

are enpt oy O PETEBRB ?eﬁh’tpﬁsf(ft ge lﬂ?,%é‘;# Jfg’ oG Syith plate
parti al I'yg I};I f@ﬁﬁ@ ?%IEE y I‘I,éoc 1 "ang a?etr S e H&?Exchjr’g o
{respective t e Bt oﬁ'e ?Erd§t5 bei ng 2l Tk BdssboMT DER
isections ofspscbefraﬁa@aabeframrttm cbiuRfs I OWs or tapdneamx}lhuwmm FIGURE 30agsaratgthe

Ishown i n FldauRig t8& fibakabe aad g sb liepekedsitai ng t fnaicated daes| ane and bei ng so
|shaped as . togneratauirtices inthé ilmmed'lgen%!f@ttve vort i CB;?GPH'E%W

as It
nts of the mventrve vortex generator

iflows FhEYwlongo || ustrate further 1 esont imeantion. ]
175 enbodi m;'ntJ % f;m'II’S“'I:{I\/‘é‘ﬁt"?V 1R ‘i’t &th‘éenera Arothb PGt in@dheibd, ithas
has been fwﬁj)ja Jﬁﬁ"ﬁt%n h ,tcrggseoreser&taedfamritdtasmrbmratésadasser in
'Ia heat exchangs ggh”ubebunw dan B€ COr dance indtdabedtiin@ofiadsehall aridnuterteaon,

it ‘has dt@maﬁdneahdwraumré 8186 B6hcWi tighteAdt by ami NBORkchamger willsenly inirel inoeerd in pregsure
theat tr ansfsimple indxpensivaprobeuerwhinhdersasses thiy op. Arapiby Rioviding at Ipasheneeog gator at
lincreased- |hqam9ifef&ngff"8¢7épﬂ thfawue letulble "heat 15 (’,"G @ i '%?SL?ir’ﬁg mﬁg);é anes
bundl e t ] gwéﬁwoyvémgas O e z e rﬁéﬁ?ibhfih actsupon
ipressure 5'c rcrent ?ﬁgﬂ, Ie can cp ev nért e'l Ch b'gﬁrﬁﬁé‘ﬁﬁﬁ mttB she Erﬁé)ofla)heatexct'm :
‘provi di né ﬁ,y,}lg -1 el eadifotrﬁ aoHek SlrectsIR b bibwWhserBim Br'f'ectr‘jfre
§ tube bundl f?mbﬂng.h%s u,m@er}t,é Lgstgﬁ;[d)ss at I easat memsarediby tHadlofvlobihve kmtigisie fluid
addi tion’t aibpier tsthag iracs@ti@geiansithagai nst  t ubdromithe yaex 9&95@t0theﬁ aavoﬂpzsgq&sréw :
~herein, a voettex. failure due to vibratory dam@§is ed FI' '"I‘Ré’ elements such - .
‘gener at o@5 s Thy h\rﬁnyoraw" g eﬁeﬁr"vm'%wdatthg uBBr‘? § %ﬁf Jﬁ?m o
! ‘bundl e can fﬂf?‘" \ Qﬁ A m‘ ;’°2"’ raw‘:‘I’ tuid flow ngo ’Ib oni.sh;?&rtﬂ/ oRmdsat = -
-'exchanger ' ﬁ@aes H‘ Bcco r?p y')? tnned tUbesrsu rchhﬂ/eaQﬁdﬁeVé?I‘sﬁw@Ilérthan
3 streets in apmst,fumgnre%gd,ggmromg a rigi-dnddpbe Hetwudh edjixiegivbys ociastesTant
€ {0 ~  as3ogasustedemionkehpiofddana sfell bhbwubdiel | 86 dertdxganatatoisiof the oregendiamengen in - -
g ‘accor dance heatteachiahger having finnedftptgmmith ghesbelt ex -gerrbarehhopass frpygh 5‘9\7‘&31*’ e"‘ atioast
= gener at-or itekgaidresgrsection. . - .one pIane which is abo undﬁe

| Lncludes supfRiEnE Smeesmmape e | R UL AL oy i
y explai neg5 r? egwdrc?ﬁed I% & 8 For M1bb Be b :Ih &fel @ fdrfhs an
4.fol'l owing” ety B e Sk ahatiet FBEEOR - _acutuars.e ﬂc;ﬂ&ﬁaﬂe%rmaﬁwed to W

Smal |- orthelﬁadéanyveh&frﬂinﬁirwed ha ntﬂaeu.aﬁé:orrpanyonggudthaamsmgm busdie, andin8@h . -
1979 as ve|Haviagfinneditubersitoattd e perltleuimfratt&amhl Ch suuatrons the pressure drop i mcreasa wrlI be even
i 'such as ro@scmechheﬂave a di aneter snmller th tnipieedq Becpysg thePyng

: enbod| neﬁ@ S11 8 Slep ws dj 408 d ets, an area'_._-
| o™ e e o @%ﬁ%@g@%&? ey
§ present inve ttra%eg%ﬁana%bbamemffl nnechehétp@EmWdt bt 0RBGlherating cross -

preferably tﬁ@&sset,hﬁ@um Repiolddan Humell e i n at dectkdlin hajlem: defineibysis-direaionoh.

2 vi ews of eu:damwatshalkr s. of the bundl e, béb‘&’u‘@é’?ﬁ“@ ‘t‘éﬁ‘“aﬁfé H‘Ff’?'é%‘ e
5in the heat a§ﬂ t %@T‘féfemsﬁiﬁREgll'egg"“E‘bnstrucgtz["zfrglzg:lspé%\r/fé £ e E’ﬁ has e;s:"_ L
8 can, hovveve‘? ?13 ggt éﬁ?ﬁdléf"éﬂﬁ""ﬁ%% FHEF tAf%ed | B8 o arhich:

ted with 9004.1 results

errr)l oyed bn Mkis HehEps N Eg@jaEaJem datdr edne ars&t.aar.e .
4 enbodi rreﬁt @k p,e%u.hﬁna&gfgéﬁhwﬁiﬁogamr r?ral badily Ii\e:.—t nﬁpméﬁeuabr:seweﬁénewa

generators include those which exhibita - -

pressur e drisffies marseelkand wijbeheasexcbgrger-exchan

{remofhig zgggg e s P
‘Jarea of the £03 1R trd1 B anb MY Ho@hefEPWN | N rFe Quy mé L@:%%rano

“fdownst r e@fn the torm af noorstenortiye neibatfles gre t he ' vorRex14-l GURR(L 92,24 26 4ndaiBelach of the -~ -
Aanot Her enbeserlovesi cembmatgwemethdtsapndmsswkhr hi tbaffley contreize m'eraatnrhn aUea;ssamaﬂv o

gt he pr. esentp' %Eé ? n@'?};Ube . surrg%ga@ﬁe qrpd{e@@ n@posrtr:r:actcﬁ, o
‘#def i ned by
~goortion gg f:,p% Eﬁf' oevﬁgen taﬁqrgﬁoé‘ghor I,3§ %ﬁ (ﬁ aﬁs%‘s t,reé %rm

ongl

gheat exchanger. shel oW - an the rna
“faxi's of the vortex FI GURES 20 23 represent pI an vi ews of .- the generator
A circular cross section of .the vortex. baffles.of the apparatus shown in- CoE
I GURE._19_as. . generat or |s pref erred,.. because: such has -heen..seen: aI ong the .

Fld '-vat,.@.d.,LLmes R _ test ed WI t e | | “"f'f‘oﬁT"’:' ..

1 N N~ N A L I T T oy I Y a A r—- o e

‘one pl-anes \Mnnmhhavmgabmattume empibyeidan 4 fretidnl CURESIURLIBwrang p dnerorma iteiyaah fhg disgction of_-- B

§ enpl oyed i nthafoer bEnoasagPosive hﬂﬂ:gfﬂbudb nal - axi $ ohativbreexiyamemidters withd circulag croks secnon"_-f-_"_":.-_f
4 havi ng fi nnemplavadiesombinatisn @dthisegrzenopioteon - of a?fh@atnostsmtl?&?qﬂ@%@met piétable forms ot . -

-4Wwhi ch ext enge present iAGenfibraWEeréinl ioteR gendtdeian al qngtvtchebé Méx@&tﬁﬁdlmsemsbafﬂes



. a; Eatall

66 i ndi cat ed l.i nes. N - ~130 longi tudinal axis. of the =
- thbe bundle 32, but,” as > GB‘Z 064 093 B 3 indicated earlier, it is -
pbssibl e and soretines. ‘art will i rmedl at el y recognl ze tAEal Qe ORBIFher f '
- e} en%esi r ahl e —t-o—onp} oy—baftes—which—areTor*Th Tubes 44 conpri sing
béindIE™32 and t he nunber of a pl ane perpendi cul ar L8 t0& hidNHhd e pter &1Xi S -
baf; t,d,@&aeafpérgyedossmle@omf?ﬁi't‘teén Wit h l? tl Eqp ,ﬁmlﬁda% nuihibér of
shel | sdvdedeeﬁabhemte"‘@%(th%fﬁ 1""“" QB‘n A,ed yﬁcﬁﬂﬂ'ﬁ&h@tlmﬂﬂhbhﬁﬂﬁ% 10
his an amnepe’ﬁ?jf’*f lar tgﬁ cﬁ:iaj\g%} nozzlaee agégormany Idns@xcboamyeciahhedt] d
rrpru stebe tupg e ' DEfeet  a7d iekaander wbald tmqyeséoremp'ﬁt goo
a 1°ftaait'g§ : ¢ a tftlsl&S woul d hebes &,@edlttst?ﬁflﬂa%@mt'ﬁbefp@ y
u,f ufa Eﬁo tu‘é&%aladethe tibe3Bei ncheks—{ '“B‘le*f Yo AR s ht ggdg
atems. g0 habdaszziedDend nozzl e 40 M xfﬂ‘”‘{'ﬁ% “ri% gRUr pose
| fr mmet-taeztmmmrmaskeqndﬁwﬂzq RSS] 2 t Wi R eﬁ th'lb'it.d&b@td}h‘i@Snawas
b b oemphbyeéde %fpcee%i P‘t?s“t‘f“; m'i‘%l b t iR a8 landd? eolfdasbcﬂtag gase§ @oeovelk the
t §bes ebue wg oI a.jerﬂ Swiien ennlo@uaﬂrtgfmhemmtzeobmdt@me@s. na
cqunt er Tepe ehe f1‘§a i d]li‘nae aB@en, Tedi UBE-25 drehapadushalh equtitj‘c B,

cdol i i ng o H\B&%Ieéfﬁy of tube (bﬁnmb)épgz“@t‘ Wy
rad ﬂg Eﬁ.‘ﬁ{ =0Ud. Edch Wbedbast 10 | n@ﬁe‘%e“t’ ° #t%n | na.
gone rmgsa.tateaastatfemed tubd TeviDG plRImENOERAr t ,  us (32! 0 m's)” s@quaﬁtﬁntﬁtt ch.

- ag. i | | uptgesdigoeterasan the #nssd PQﬂ'@é?f §7 whey 5 ¢ d E bmpidb¥dliea toinmercigiscald er, -
the s aeﬂcfﬂ!f"‘s‘ﬁm i EREigRes hes 18ach tUbﬁbbérﬂurﬂe 32 coulb 86, \aBdusubllyds, porgat
‘baffles aft,do @ YL S itidlebd thatSt rgat @eny mora tifan twdtistillygisated in FGHRR G-
pliai n-'*‘én gzggﬁ‘ﬁ%gadt Bébstparaliel ( 15- 46 CTe)di pf tnsep&r% Pqriie 8\;{3",\ o,
difanet e|x BRiAgTht pastitvoparaifel t he t ubeneraigy th ) :rg .
A |0us|s¥ts oité‘t%s B EBIES2 mde@ﬁetweeed‘ebyv"?‘ts pF'El *H’e% : ?a €03 %@&&ax&rs%& is Of

© rgd baf fgafiies BpB.ARcuid 26 ace '@QBMP@P&’PQ sca o the wndth of the lanes 50 or 52
t yoe bsirdlyén Beir wmaﬁorbethr Sa Hsl q* ‘ts ,,% theyeggsemémgwnw.mew

FISGURES 32 V@th f?tﬁt'qr‘s" JENy 1moref ihb adh-supporBveamrted deperetopst Sddn 1
FijcURE 202 %{g% %‘J{fs i°é,de"t'ca o dnﬂ at Ieastem‘bed:meruﬁsmmefhla@?“t57%‘-"??[’_%{%% er

off the r?c‘_')‘ nt 2k tsuretaemed wems 46 avidthaBhe tmsrﬁo 5 t Fgr e -
pakr aI 5@'30 Q%ﬁl&&.@és@rf BGBP!E 3.3/006x geoera®OB, | ess P???aYPrtehée o gs
50 and 554 diabot wech doetppee tubehidd andhegeh rod t t ot ea in 55@9

' pasen seivagtoldandrate gorg_e4 strq_egs foQth YRE 26. ar a éﬁé tors 84 Witk B utagnetedmeambe er -

of -'é;the gle B SRAWN D PSS 6is- aa é}@hyoﬂtmstdﬁge iiave pn aivantededmtb@l t b -
ebpect gmg A ﬁtﬁe‘ :;; aéﬂ %g; y.<§5 tqobhﬁey\/uedél’rhelvfprdvm tthsrﬂésotbeo E““:s?“sz
i h PatRYTP §(1°ap a@g eg&f &AQin Baf f es 1be supbWFtwg%bWﬁsdﬁ &
pf e bi" hg';., L';erforﬁ{}he Ash-supebrd® ar e ‘liehyof e iy car ﬁ
3 non ,gggmgsnmvee \mraheze drevedfteat! 6:20. 54 | n ft“ﬁ"'% tgu:t; §§y,
18§ 22 agulard®8, supportive vosenasderROMRSG 2° bet wefERATY enE ov5s. |
supporDi aftixed 09 finag 30 enehorisd §h°5"/fl? "h&e affl\&% |gsfnllaag;amwhdﬁbe9(¢\mblaeamamg§ 50
or{52 thF‘ﬁuB‘ﬁstM‘?T‘W ﬁ%&” df% FOAS aSadchrchrcEiRE tHEs envtmriment of hrdPEPARNS -
95} pass. s%%gfgﬂ%RPO % Tieai 6l anet emoteahat ﬂgg o thersbegll St"@g Y‘l‘i‘ea&pa’atus
‘suppor 4&aafi dupsbrt folebes@a) | er fgve asgentl intain
~ady antdw%es{rﬂmﬁg-th&g'l%\éﬁﬁnd»@mgg%ﬂfmdﬁewgvt ex1 Gslopgiwdigald m *t}@‘"?%f%""%e rbl rehiney .
do not gbaaéddmulamnmngMWeam‘ﬁb bu d?‘hggﬂ%”é He tGHe9 25, iSSRigoamti. noe
. genethting vartex sitRekfer at or s A tsq a. di gﬁu@g@{orcwﬁ;fﬁhﬁdRE&eZar@s &0
_ array be'@h%ﬁchsé’V  thegort "erfgrrsger end, z&»r.&drbamatweumomﬂ/%ﬂtﬁa e
i'ngt hat 355?)1’ ;‘Lﬁ]ﬁg fed,,a“gtgnegg gfewesattberShMoeee@en'd betwefo 7
_ beter5 "’@m o% Féﬂ SHiveGed Baitiel euthbet \Aeeundmﬁ?sitﬂaﬁtelfﬁtq
.buhd 18,20, 24ah eswmwwmnabd baF'T'ﬁféss" b\Eb weén g'e
- cof | nat |s@m,nw| 'Hapbssmga 430 irf foct prefamed:non- suppo & course a
't he -baf f |yesaut@ofiim®vep baeseth@dﬂBhﬂh %’;exm 1%&3 ,ﬁg@nogﬁm Flcmnlasﬁbl—as a‘n6 20 d
. fufthess agr@tc{séﬁa’[ echalgqpo éi se reh\%od?ﬂerﬂ'&dth@&eswmp@ﬂlbm rsdiustmdex o

the tube

~ geher at or20. 22 Y R ,;1% drop heeRtbobiysuppptiveyp QP'PPéa‘ﬂ'Ba“d
af fi xed: tsﬁ}“‘ct'f 'ﬁ;éé’el SJCR s tbaened N naDSumeize ok 9enr-a ppRed i
voftex gfors T R e Vor t ex genercatﬂb‘f‘%ms hea { nt°er3m;‘;‘:ﬂy L
i shi Wpebtaﬁﬁth\é/@taﬁo&lﬁat'gmumgn BGUBPpar at us’?ﬁt in! m the tubes, '
- 44k and 't ofetnasdg siportivacetraiiigs and wwnmtgm s erB\ "E’g t,msemridterss s
VOE ex  gemmrsapmrtive 5@l qaﬁ'eg '? Y é° baf f 14 apot&t@nﬂﬁil@aidﬁéﬂan@drmaﬂ 68n -
thg shel ISUQPQJ’etth“bP ‘%& “and %&maﬁa\mtc&enﬂrmjmaizte fp@?'t%“e‘r
tubes 44,V ?%‘g‘glﬁfd eaé§' -yhdsélekmegltnrtaé:t 180 roadied 1. Alpluralitafitubesh? W #7ageRd ng -
_thE mftsérrf \75 U Irn.any direction 110 ‘| ongi t'udi nal . .axi s of thetube '
- -buf dIe To. na|nta|n perpendicular to.their Iongltudlnal axes as .wel |- _
-shf,- 'side fluid in.a heat exchange rel ationshi p generatlng vortex . streets
' h the H u4 d InSI de- the- tubes 44 |t is inportant It i-s not necessary- for

. o — oA



' 05 coef f'i ci ent of - tube bundl e 32. Those skr IIed in the 130 nozzle'61 A )/
bl ursal i ty "of tubes-,82+are arranged 4 W/
B 2,064 R3.B -4 between twn tube sheets 64a and 64b ina G882 064 09 B
owek.end of this-range provides a very sturdy Yeometric pattern of - -
par ai | al =t ubRewéaWswo 86 bheols 644 briasdbugll €, Whi | ehé RAebsmbibf BissPae bRYdaSATeriRRdy
1he. t ubes- 629ebmeacbatmﬁedphnabatdhawwsgr-aamaﬂjl ar - r i wigeetsindia e ragrvaffle Spacine neatipe
pases assentthgtubés G2iea B@edibe havingasnidarsidiest antlttiJPP'yE"#PfstM @hge qagesgesermbjyef the
bundl e and cﬁ%sh'ﬂwtepﬁ staatiaiy itg iyl ?égtarf\"i ncrggl M g %‘ﬁpfﬂ"gp As lafgg an increase
r

hor ti'on 685 ¢! 8\? d rii is proviged gt gach o P ac

bl ai n end poji atts"ﬁgg fi Vi Ramehta oG ¢ ﬁéé,@ S Gltffge%f'f b ";8%3{"5’15@%& -
i amet er | arg&igt in d@ﬁﬁfoﬁfnt&ﬁeﬂth@tﬁeu € Grreidafter réf@ﬁlechafei {y663 trod baffles, are .
FI GURES 1 1, entt orttilnEsG&ﬁﬁtﬁhéﬂhe atevibigsutfive of thdged . dderfticatiiftdrifitdnt @ath other only in o

nt er nedi aoetubés§2 antheie prtbdortons willffietightld t o as 75%@1'3%@?1 ¢f@dhdldfefrb<elsaffleapeFl@#ﬁES'

porti ohs 68, a%tﬂﬂtfhﬁft‘mt@fé“'é%@%?f|“EfraP§fCH"F%tce of the 14.d8& ‘i’é%lhe’et!?P‘Fﬁfféﬁf?'ffg 't #gme

gach ot her otfraysh fhe ‘(5’6 end por ti,88 IE""’t“*’sf’l Virer 7

ori-ent.ation, ﬁ% ggﬁ}"‘ﬁ&% %ﬂ,d bs"“%a& el O 9°$!" ng dik 6f(?l?etub§e- -

“surfaces qf g Glidrid a6 5 cage bAd th ean ﬁauelan r%m .eﬁ% nis@arffo used
ype: througl’bradaed |t>-h5aedaahreewth64ageanﬁhs . aswell. Type and’t €038 bafds difRF B the . -

al SO i dent i cdifficulOa consgua s sightiblydiedt aaovte'dbe bund| mycetbra obthbif $upportive aks nerheupportive
the type " A"deseribed fj dmees m@tﬁvaﬁe'b@sqmal |y asservsrtewentrra@ts wiieh epcyRy ngeﬁt 0

"¢ age- ondd esdaﬂ&fﬁ’é%“ i &%1 : bzt @r a%:;%ugﬁ%r Zﬁ’fﬁgﬁﬁﬂg : Wfoa,.es

used presse Xanbs rte:?g%nwg s72 the
&nd -type B rpaalalbgoRsd, dhdrherenreﬂut Beirdgdtiér i cul t sa&emtﬂeus\tedafetdnghtm ue fpe

-of above- ppenmadiensr tothe ldngitudinaLegis of dack mband ndtB- sadibpiiie isimeelri@ ype fATadd baffle in

finned t ulessinthe qgndiele stea\hr lbm&tedr'ghe prob'em\/or t e>9° sHpRortiye vmxemeoma are
eXC h anged d lﬁ qu rém place of mve vortex -
betweén t he mu 8ee rg gg“ ? part | c a %i@?@? ﬁ? g‘i{’e

i o] ap ugh ex ge er, S ally. well
a sof t .net al urfac up rt a%@ cgﬁrt ? mlestheg\ﬁn@a% odd

{ copper beeaws@ent:mrf&tertsmbmreeame u‘:be tﬁfcaasse 95\/&&%@9&%9%@&@5 ufdf§ Sf parallel tube

3 Uhrough- al t esfais, tubg blrains sompraingififinedauties glale bundbws.means. t hat the tubes are

§ and adj acent oftepidoexangsntiechtoonlse fFiliredvd t94 i n t he itdsdeakdbie thai¥yeond eaffle asjadent the

4 fovenent in 'a'pattudemge Hffef%"eﬁt*éng yhe vibptiang: have dP’F‘f'@F’éBrﬁ fl"ﬁ?rﬂtee'rs:‘r’e f'mdPglﬂ’é?med
p?)erpendl Cgéa{IG €a ro P‘ﬁ%@ﬁ%ﬂo‘&sﬁ r?’r?m eag, com tl?st!hl m‘r':'rgenul %Eﬂr?dw t ls?:tn s
B mer ely a ast 8’@ sBsHohivE vriix eH?or rge bu p§ &tﬁaeﬁtg I'I"Ulﬁrectadn -
A or obl ém 90, eB s§étBRﬁBTnhg/¢o YRS StfsstREREAL OF S ¢ n@{}&e%ﬁﬂlﬁﬂfﬂaﬁle In the L
gprior art wa@pbdmte vbitéx gefdrabgBYhifixedpd ghedi i'N Pl aRefeflihg hé\e A FIGURBSI90L13, thare is .

: \(ortex end proring 6@;§he)$upm+e\tonbegeoeraﬂoc$ 720t be heweapreferrgbmnd pad ffle sthbmaricr a

4Vi ce vers40 apare raatyeﬁew?m?qarm etheurtosém btun'éiﬁeqr@ﬁt'se@themmwowgdescnbed

¥s3chene of th 'd ee W Y undle 74
t vev sn a s 7
o orrsee. sulpbpam G ,e,wﬁtdt S‘{&t“ o symﬁm o r“@gﬁ B
godd 30 exter hB the Hiain@tePof Mo Supid franRRGABSR 79 has
§tube rows 45ngeaer|@towateiay\pefabpambdathetube of1mruns;nlatguhera.bUﬁtcuoetsoncsormfhbamng o
Af i nned t ubesdiaweeter of thewssprooive eamtek m@t(&nd]hqsubj -edrmlyonauotee infaniapertues thiwegtt otube -

gt s desir atseeng dpsveeniy 'P@epﬂtﬁatsrqu@ma cent t Iebeqt §3Jbe tul esf[ﬁ"ﬂe’riedt least

enlarg | e i “ A b heet -
{or o, Lo RGeS e ol ’-’%u%wgﬂ o ggﬁr@mr bl kil

;

;-"I ncom ng |f=’| letﬁildle.NQé Oa{ekﬁenet r§m%§é’h hg e";é% dJsQ { etsugz s ,_j ,_
:'corrprl ses .a’ muni@f caliaid, retbodigEkt Bhbkr khan eiel ent| NGB8, SHaBor e ﬁl&h&ohaﬁéésam?@gz at o

Bat- | east Onedugmpg@f thie plain\eod basionffivd khettaes 72 . pOedst pawallrsmctrdstag thettsbelbOtiBe 24 @hd - -
@nornal to _tHe? ?Il“?eéé‘!eisé?f"ﬁ'\‘qt P?(é‘deftfﬁ info tRor dt o r i fitipgPesferahiciciose t9 tha interionarfasef the .

‘aken by Fﬁeczgzlré\q gre ve vort1ég. é‘r?é?’ﬁt‘ ) 78¢Riyralisigs ofdarger vortex.
;:*_ hord Refer LQ,) i , .‘J’]R,re i 3;2 ::dsgrzzgwaerﬁo%qe

s

3 chr
Rortex’ ‘enerStama qmarratensret%t) o0 - ANCRORBLHAL 4, FnitA G claCint the dhet Abdle
®r ef erably dy aa:odeaeymrabr adaDidtted deAers@rse’ as: the 79]595,.3'&.14 eokbuc ghiie thie @iRdim &luﬁgmmg
A he previ wsdd;pcmgmhromdm\mecﬁameddbtaht!eateanes 1deffiued bet ween two adjacent - ..
A inned tubeghonid B‘Fa! inghe Wb‘ﬁ'W%‘b@OwﬂrﬁlﬂOé 74 1 ows Ingthisembediment bEthe invention, vortex

fon- suppor ti Py HPYiE t{g’?:?‘e set W flr P! 2 pl urgaP?’?‘ rsafeaﬁrxpm@@othut@psrrem and
Fhown- genera:rpﬁff

(g his. ame Qé- ble
3 acen rs ' means s cha  wel
geat. exchggrg;gr, t ﬁg n% &E% ! %{ rtorg -
Aithan inlet lnozz l e 79. %Each f|rr?ned tsube Yé %u'tg eetr‘?e nEs t L é@ é%f
-%;xarrpl e, about 80% of the 110 an-enl arged plain end portron 80. vmthout :

‘i ns diameter of t.he supportive vortex generators. The' - fi rnty m)unt ed

n an aperture t hrough a tube spacing between the rod baffles is. . .
uffrm ently sheet 82 The tubes STE™ aTe ar ranged"ln at” Teast great so that

o ~ Y




65 _'bout 4 15 |nches Spacr ng the rod baf fl es ‘near 130 any sur tabI e Iength

g the longitudinal ax®s of * 4% -

p. -4 093 B .. 5 the heat exchanger For exanpl e, f(a-‘rB 5063%, 0%3 8. _t-gt
¢ v . v v > PP lbclL I Ullo T"[. nmay uc-

-des]rable to enploy'rlngs oriented so that their vortex generators
traerse“’ﬁé?ﬁtn hanehé?r efample; fag p omengt hs i tWeaVPBa‘f‘fPébame Yhgfhothyer p

A e 't G n‘%r‘“ B9 paci ngClses AW %,F?L “.".' s"b
ShO %h::r? Slfnﬁrz‘ cm% @m fﬁlségh% ﬁe I'n bot 5Y558§c9 erga ffrod (;ﬂ:ei °
smegl e SrhetrQb egt%‘t%rrsa;l 6 QFeSarBd ar §0athk ha¥dvortex ¢ Q\e s DAL QffixetoonttRX

genger at Ofo&h&ébsﬁé@q edfof m(a‘ng)nndthelatger t he upsbgpesiteskiadf bé m‘u‘ghw fidrmtheamallier he -

| arfjer  diepgesiottex gunehatons 94 dreaffitedae ®8 f r om vdmex gemetatazy. Thk langertertexgsnerater 94

- gerfer at odayvrgiteam endaf fhexingl atepughthis vor t ex geﬁ@?iﬁf’tﬁﬁ%m therfeme langaya W'ﬁ@é@"e"

gerger at \gre'agansamﬂrsterrem ffdegrddmiacy png a3l AP e°pp°°“e ice °;§ B

R B e e mré 55 s ”*“ I

degj r N\E@ ators o e‘ﬂ @r Js!n{mer rtex

Sith at | ogm,

of E ubesgeferatayan it oftichailylrhadingtinarb@ desi r aixrex panemkdrn® St corttéving arail of

di #

96 i nmred | aﬁOéI '\ééﬁr Rgpeinafter tarrﬁ)t“he?d w- BPreve {%"7’6?“ % P%t"eav‘}‘ﬁ-g:z
a!l ner

which

vorgt ex ' & e"?be relé a§ a Iarg %F
di fHf erengre’p }?Eé‘ e‘%t':g ét:c% 1%1??35 gjrggsure%‘:@ i @fiz geRtYdibid

| afger,q th\é%&&.xangﬁ FrE§eep iffe 196 r aﬂréen ac dsnéh iAdiVigW| Q:B bafﬁe LY irﬁaﬁgﬂeﬁlﬁfaaﬁzﬂlf/
t 0 ft he upshgrieasnoaBafiotet WAR btoﬂiges each 80 t ube®wss thancdnie dialf,tadd, geinantates oxig bb@x

st feet s aelofRbeitubabinkies 484thandpl8® radiedr ei naf or@rauay?@fthATanemtftnedrq:ira@tpea"kve@t

t i gnsf er suplore Therube yndipgitissonyfekctel &y are i deailiettyper

gefier at ofegteaipg WﬁF? 'er:tﬂrtea?";gjfnfrngubes . B“B’F?aﬁt Sty et
eq fo

Byl

PIeg¥™s6

dlirf to foithf T €7 | MEstAfk¥n bbodhéR SHAREp@EcABPinvehtiéh

bajf| es inSotimythe ladiesnottevagensrathrdmmti bifigingass t bafitasgle eswiybdintcerabihatiosesitpri se a
I OH

il ustrattew%hrtyfeabﬁatgertvg &x gsneretees4 andle bun?.f adeqt *gﬁéﬂwe éB‘épRe igen

f agt enggngiddam: pa Fmé e rody. Qxeé]ﬂcrbarn%tmprs tam 10vR dnki RQ4b. ERA rwatehbamebs a
sngal | i ngHoamsthe uram&beﬁww'raﬁé vaigexi N the typhkas' a/blurarmbﬂaqu‘eresBDB trecktivaddhlf@s .
' - go geneptors 9dimbsibé bmall enpeghseqileerthe al |y passame édpmﬂfqﬁrhﬂt@esw??éher ri ng

e tprst F'}?\ﬂétfft" Al
g{:aﬁsﬁter tg? su po etub sasvll S of'@é%,em

6t fb1d $710QGIR helR"

rsﬁn@roeﬁsm 8 adlﬁ@é} \ﬂoﬁex\/er y c r it geﬁ\atator Bbina d.ﬁe%eranﬂ pame.Jgas sraarreow .

e

et vortmgmret eobe apstneard €nd of thettings amBOr tylesfarictipreto agreaty mrteextrmﬂat ors "

OWF- BRLHLRHHNRN O SURPYThe| r
ey

Lube® Teeopiridy (SR FRURESSA hBGREERS TN
| af ‘ger . VQToBMuGQQ%&beée%que Isflig nddhﬁl I -ori ehéréih nofsuppaged voaex gehbretof @dr rod -
'baf0f themge pnesti thehings Itodiersly eadde each | e S5 altemnatiogasomented p‘@.‘ﬁ 45ffless33. A portion -

" ong- quar® %aqn B l-ur & le I e_:
ek 3 Cogs taef%?ﬁ QAR Aol 7 T%g Lﬁ&w syl °5a'% o
%y to Fpassmsffzqe'ﬂﬁsectmer end portiop g of ahe tu sﬂ"&F °¢ ﬁgewv ag ﬁr@eftthe‘ ‘B%‘gﬁ |
e
(=}

" Thie Io@sg ¢
fod in Eﬂ? %r{.géjd%tg}ggg{wov é}%p%rb?{uaéor s Qélﬁt fafow axtbn&bus Bath bhPsvedp Gcross the.

enpl oyed raws. THRURneddr b srvdllbr o&& deh&rgiot O - Onetubés 102ENGrmaNS edd altdindting Bdgynewaalige

edch 96 pia the diaaeiendf sSagersnttadepdrabe baf fbias baBe 9P effrorivelydrpckalisenegg 40%
' wee*ﬁ §4 Bhaulgeaqua) ebqueww hewe?t!mf atape gndf 100‘1‘"%9"%&&“@)’(@???&“‘% @yid How ppssagss

el tube rows

tXhe or efter. 9%0”pr' S| iﬂ@lG’l‘JRﬂ rhedi et&%f{ﬁ

t gbe sheeﬁcsssadi Tatle mge cuaedidyl the fldtehieg r OWS . the funédteteseb deh rowsitf paralied 0Bes 044 - '

a agqmpqr I tybg row s Er at o ed between the para
'_nzzI e f: %ﬂ% ygy %@f@? ases apfl%ﬁé“ i '°°';I ““"’%%‘é{f"grm

dss tBI)aThetl r\%ﬂ’élx eﬁa‘raxarslsaraa» adiveanift Was gdhbe&rsmardmﬂrbedeéaatawwmww : f S

aifd 10405 lesoft faedyrsnespmbly srurinisd pe 93 shemerrabtvnee @p!an%tcérheofprttmnemrsrl%r"-_'_"""-'?"_’_"{'

vgrt ex ‘ﬁ%“:;{%&‘ﬁ'&%f% Hd' ﬂg @5tures Eé‘ﬁe ‘é7ﬁra %ﬁ(’ fsb% W
9¢ musy, ¥ BEIE Pasga f b ko
142. %? SanAds °“ eﬂr:& ’Iae@br\ qa ms an %Bt ubafpaariervreur 9 '-?f?)eﬁ

a _e onl ygﬁéxbmtdew;alneregermt eyantohexfl nne amwssan trelembodifient

eF'!S’P@'E‘et“r?é‘hFI"UP'H'°PéP eraflefortekz eheﬁatttfrsgocm ta "vg‘r“éﬁ’ﬁ

__|ch fY r%ﬁ;}%wﬁtwwﬁrf 2 Jutl ef E%éi@é W@é ﬁéai

attt all

: ich'. @5t adtadupiag b g BRalealordB ggietators dfe . dBanedsesoniefof thelnan-g@ipontios toeex
-ggnerator . plate baffle 93 effectivel y. bI ocks. bet ween '40% 45 94 shoul d

: -OCUonI nq@ Hpth crttpel”Afi e tRHS” diddbatiesef of {#viscontcearsan dpteb@tﬁa%ye@umsn s

qbafiles he -
"«’:ﬁi.ta ‘tivnet o

_ ‘adj poéa m% S
ot je I OWS genb fRERY R8Ot od%aﬁrgaéj; BY !a*lé%ftex @ﬂi&ﬁz&t@&rﬂﬂam Sdiﬂ&es‘at @G?saraﬂ\bthmedt y, T
.. e T

. efual -about. tw ce the W|dth of "a lane - 110 and 80%.of .the area of the _

. flui'd flow passages between:two adj acent parallel tube-rows so that -
defi ned between the paraIIeI tube T-OWS- rnsertlon of the Iarger vortex

T ~ A - a o A NN o o o -, M



65 not, occupl ed by the smal | er vortex generators of 130 |'east somne - of th
non- 3upport|ve vorte>’< " ™3 ‘_ ‘GB.2 064 093 B generator_s be ;
-'orlenrted e -H-e e 48 i 3 noed cq 2)
of pakal | el tube veI ocrty, to further |rrprove héat transfer This rows |
et ween t'ubgeneratas be drieditd pernehdicularip thefhe aspecarrgriged neat lepst dwie plomlities obpraoaiial tube -
‘best in veloc'tv o Betherimarope hegotranstep ik pped wi rrrv%het\'étenalttreﬁ ofy T4AREND hd4hsThe

the relati o f %t sf@ nent alt¥ Ibé{ ﬁB’" MBEag
leach of 5%0 f%ﬁéﬁn%ﬁﬁb :lgtéagg Si 56’@.? plateb 6 4?6 %Qéeelﬁzh oﬂe
shape of a @ifebdineen. 2 §|| side fhe. : ty%‘%e'lénueegeo wndodgs for .
forced -pl uaébssithe mBesatberbewueesoflrmeﬁMﬁﬁ&hr ougbaésege d16 hOrion bfebek 1B thedbthicugh.
because . of bphe éeioBathe Mok gerpas@ageodtiafie por t iThatubé buindledl40 1/ ther provided with a set -
it her et hr cugR08 pﬂea@érgbaffwlwcegof“et pieeetsdn 8 ex eneroaittBP@'t'\rqtoql erfflas 466 1§6 ﬂﬁffeand 160,

it ube bundPe 99 ('Ft'eé'“ {Fecting e jpehRAf

' tex stregf f“” \efs ok affl e 6 1%‘a FRpoiseYO af?eset |
fior g Atk %gd(mes'&zg?ﬁg te 4?%?@5?% gi%s %%%Ehg o

idownst r eam

non- support Wtﬁ&dhé}ﬁﬁ&lbﬂfﬁo ddndeaddamiiarand f widunes 2ummuamte fal kaBdxchanger :
t ransf er 16l6akod barfies 1D8GNd 680 toTh&esmmétheve 80 dobddérhpley setnatrasufpotivedd taffle sets -
t he tube buhedtarandfdr cd@tsq-emedtheatlutne indiehe * i s as ashomrsupprriieGuRESleGe® withad

it he non- noffi¥ g@P%"'et?éhWtséRD ﬁe‘?‘%ﬁxors in c er SP@PF batlg inketweepshaswesets
ot are as AT *g ggmroa,@oo c{ e O:ér::”‘t*e“
FI GURES by, 3‘\9 bee §s§e Jt3506. ol
tofurtheri rrprnqw@e rment hnaARhon al era rbmmﬁameer:aue\beu.g. b

iset s " heat tmmwtemeaefrtdncsuarmwetodtuamei arge bundhsipported aubd smeﬂﬁadprparrtorgweratmg
rod baffl e sepbyadit torehinafion witedisc anfi dogbnuted, thmaxenesampwraasmammfewn the .

lal t ernat i ng P Feehaéleb:ffﬁortenroﬁhebeft”ﬂﬁeﬂeftshﬁé' two SCha herat ors of a sing

Sr od baffl’@ r‘rt eéwrtbu"et ~né° 'H% @Eﬂ“’d. o
7baf fle arr a'ﬁ f ?E'I f ﬁﬁ rst rs\eaosfhell and -
simlarly Ot 12@9%e bt'ﬂﬂ y I?lﬁ:emait% ﬁer{n@% with shell. '

85 baf fl es -hyeqaik HoudHhat BT 12URAOTD Ve T 0Grobfisdchién ETAgRMHG EIRBS 1 7 oflaAdbe
inventi orscs rdtswnafﬂes 128ba:fhfdfweschlaésp phrainesit t UDS bowlld wmmmss‘&lllong t he FI'GURES. -
27-29, non-g t1|30é°fP€ﬁ§aQ96tJﬂ‘? pertjongféubes unsuppoBQfe’dnq Qs &ﬁsnornﬁummve vertex
to generati Hﬁ‘é A g}’f '“%F'Fﬁé;%’ttg‘h’;g% h di § ofﬁv é%{)‘h%% ed ab\?bq@sets; ring }v7:3 |
street's t.0 iP pl ate ;f %9#‘
avr eherato a s Hlustr o enerators 174
i exclhanger35s Q?tletﬁdm %ﬁ réllya‘% ﬁ uggHL'erQ dﬂﬁ ided] oeotne 'gT ; rtex - Hare co

. et. 90 21k bAbRyRVERTD | -ar réerreeétomiz >@en21: ThoRRGRSESs Sundiein
i 1 ube bundl ea&ﬂlﬁsmmﬂmmsum z-bafliﬁ{h&s of 't he' pr eakgtbating@hzbitailanesdefineisadptend
: bl urality ofempedimbntef the u\be'slon&@e"mmléd bet veetubemwier st andi ng, the baffles

{lhe hear st FTRE T s o o S R TR
v-, ube heat ths ! i . l -
dLor1 67120 ARELL Mol eﬁmﬁgoqﬁsrf ?% ggé ? °'t§1ﬁ ag% oo
8 baf {1 es 128 iR@ktlon 8 pEdGHImBra ShaR of Beity of t%tu wunta

M apertures 13Qrdioss qaaaeeagensafby thepairdlitiesofof t ubeaonzomEtaéreé aéfingd $¢hdﬁbﬁ:tJREe
¥ NON- SUPPO48, ipamlle) bibe epws1stihataciesst mogtwtve ThelbWadd @ theivhérend oiohpingsthe vartex = . -
$oenerators Jubes a¥‘e'"a'19ft}“?@éd'“€is 1€ht9rcaf§a<tt?ﬁ i ng 1‘2@9{51“2{? artmd re¢9h the tube bundle in -

§non- suppor t iF9FSVHF & ”9'15 any § jadjacent tube.

Eon Suopor | PRt el otk (e Vi 's@rrﬁtrﬁm ..,.,rr:ﬁtéz N

gAs il ustgntugeughbt arrzsftg@rr@.ts% biYrive aérre ?

@across the tabavbthg br&xg&ﬂﬁat&@b&hﬂﬁn&cﬁnone end G)acprtd’xlggr&ra‘l‘= Earemﬁor‘(é?ﬁefd&&

@ The non- suppenatl lagesinchelpiifrilines pariEl byedndr e georexatatswHenidhepsis @ naial mdnugh E

=t he tube buntﬁfeéahlwwdsth'r ydrigx gengtaeas of QNENABURES 2~@“pqnnnttlmthsﬂow of shell side fluid. The rmg_ o

2al t er nat i ngsFR?PF'Z gpfil aﬁé@*eaenr 'da"G asad %M’B % ﬁfs"G? lepgiinthis .~ -
W

3 nvent i oiP® REE paredy g@vﬂt?ﬁ e . "HB orf gora ;'
Qﬁlé

IFIC

el ocity In th ’m &R\Oht I Ve vor ratécpan o
4. he -l ongit uﬁmﬁks 8¥1 32 ;Q—gaﬁl ergﬁbetuzt ors 1Zﬁtbarreerat>tthé<&dseasm ats.rfﬁ
4 bot h ‘ends. t tés elahisrlesis iro&.Bed with duppdri@iref or-e de soth abi-gupbbreite vortex geﬂérafokm4H@ o
& 0 f orm ®O0nbafiesup purahiasguctodi itkadrity as welrasv or 125 suppprivetoriexgengratdms 78 are affixed as™ ™
J|rbodiment  beattragsfer and nqarsepr@rrdfemd hafﬂn t0176 théhqy‘éﬁr‘t’&?s nerdattftst'gsﬂﬁmforma

Ehe non- S

@ nvention. bé“ ‘E 83} tiapsf ;tt' f ?gg a orfieptedin -
gunde in aE @,I"Q @f %?% oanes def %uh n e‘“ﬁj% &b ﬁ éﬁ Lbs-
dhori zo %ro orfi eratofd 178.

& hat- at Ieast rms 0 110. an on the ot her end of the ring, 't_- e vortex

& ubes 120 in the tube bundI e 18 are.cont act ed by - generators- extend through '
B he tube bundle in vartex streets: from:a vortex generator oriented . ;v
‘| ter nat| ng vertical Ianes defr ned by adjacent tube per pendr c:uI arIy to the
?f'f.—l rectl on of I’ u|d flow ' rovvs Thi s particul ar- rod baff-Jr" ' .

- R T - n o 1 N IS~ ™~ A o o I I 1 L Y




lU)

6%'cogrpr‘| sing.a plural ity of parallel tubes 142 130 rows, as are th
s@pportlve vortex: generta‘t ors 178. GB 2 064 093 B 7. The supportlv )”’Q

% rte;x generators 178 are. = 65 (2 96 r’r) | ong glﬁth a 0.@ iZnoén (0}3323 cn¥_
ot sieé positioned—i-A-tanes—het—occupred by an draneter, laid out
of a Square pitch of supportive vortex enerat s of tB%.ﬁc%”{?zﬁ%)outs& 6875

ich ( 1Tﬁe5u@¢@1rvanwdxawwora1§?|@lel baf f | B9 (2.96m °n§ ;vt:ttho?\ a square itsh of

di arreteposiﬂon@ngﬂesi'}?&%gp e . The % Uneqr;ag@,g) dna hinlikd RmeB4, - t here

) Sl eS g neratcrs
ge-;?era EE

tion?
3&5 Iustrat
1§l ustg q,i éané%ft}% rﬁyppea:telaﬁeedmmeemggeherat G*F%d G

f O NON- SRIGIRE 37 iv @ raverde Yiew pi thasbatfiee pl ay SF

i | |- usuppertieavospx 9e8REIPEH ere slmge (fe3| gned t@, ,Q,f@ojzsr {pehes (ARODY dmicTriodddtrent

Sthe p? ent RhiiRkwated/dh di St agxEiRngdr isl@siGnddng hays atubg SP@OR ) |
th 8u m tggﬁfgg?eiggﬁhétwmeﬁm angd ¢istance of 19.67 hehelgéﬂ‘ﬂsec“ﬁrr g%errent

g as i Eﬁu%&;{pahﬁslvdrﬁxgmwrsI‘A’kband@plt-ex generTétPB?fﬂe @?‘F‘é?ﬁﬁ‘ﬂ s’a Fl GURE -

. Ei ghlgurpaiité estepgenetsidrs 1 &4 dlemagi adj acefBYTE Stinalotir al i ty
ft ‘par |all:l;ed:ent lemsidefined b\/\ﬁ"tel?‘”e‘ta‘% of ﬁ ? et we p'&ﬁ 'th ,gdgga,eraamland
an- s Uqwrgﬁ?w&?p nese i:a fg: %se ﬁaﬁd@ﬂl&ﬁétbmﬂoneﬂSmhmve a
igr cul ar171?'?$ pﬁ?'%o a ﬁ L& nat | NQ(d.40%". The homebpbyive rodhage @)giscular ..
ﬁ gér%?a’%ors medh anot hess spbtwnahdayaimiﬁpdlzp dnen
e-xga-

therr en sas '
11O N7 SopPOT t i Ve (O-3jemIEg €0ds 3 Y ormed § afpom

I
iJamet eras piralld! didtds| amd Itmaroersmﬁya | v§° g;\ Helbaffl 543 eMdentical
G.32 crgenerdts 1768 thesecongp i"’?ffi 'a"‘e e’ éth fesiipieeBrdler o 10 pedsng

%6 are aeﬁc’rfi“%éés EQS“':FW@ P AP t?u ﬂy tﬁor ds t Q-.,@.jhh%ﬂd-y oherdarei Trelbdsrarerth
acmed fP °@o QL E gggr,gﬁust,@@g ah he nontschpdrthe iras apehoeds in 1.3FHin

h 4. vexiaRinelell t he ggd®492f amisentans. on t he eco C

the rd,bsh e tﬁé ort&lgaﬁﬁiitelrsw& ateatfixechats, the bé‘t"F'?%‘?“é?”@p?ﬁ;‘éa' i é‘gveﬁ{}

i xed &Il&&h&&é’elafmendﬂ@ﬂ ef peandi cuI arI Y foug nott gsaiﬁ’ﬁcfieg{gdm

3 Cenemxt@olda@gh@ a‘!ﬁ@“ﬂﬂé‘ gg ar leI r%% sndes of each stack are color coded
° mt

tir ougs r@v@'# angs ﬁ‘ét“e "St cRafsoithiantiffetent EIBURE 40,
or e |st‘-' '|°t’,l’§ a “g[f"w be r| ngs‘haSafméaeredbeﬂwel@d@Tﬂ?}sk'ﬁé‘?fs . -
bodi mehts ﬂa " Shdugh méemelbeﬁuru\her ei 9.5 fe8612@3n1AgBECTY ) wock.
pporti S drghe p@emraataeeﬁnad by@ sevopd af f i x(é@ca@th'ckbr 'g d’ @; e
rog baff i@ﬁm@ﬂﬁba’&éﬂ@lﬁﬁt}é—romr al l el chords to '&°"FW 'tecgcéis §°3"ahggﬁ‘@, ! ég,]g:g first

. (bulkey
bundl e i shoam ElGUBﬁr\3‘bf the  separate stacksm ‘;L‘Se g?ng Bitdrinding 8pporAe .

Fallel laﬁ (‘-Jbs“B tiveup pI ural ity baﬂﬂ@.a,&] ,{oatsup,ﬂ.nmmdm@me ThRgrst

. rtive Vorex
' “e(p b abe 1 ow, baﬁndvelde@tos @‘rb@t*zéSWPt"é

;mtuemvai s w t hiao chdfbfafélp.@ndt @Pﬁr‘sa #

. para |E€J in{g 0fod§1%8)araaﬁmdcaadare|mﬂ°h°ﬂd-'fe baf b#ftirogat s .S&;,p%%/e 215 _
's of l’tdiﬂSseJcZﬁd endebf thie ring 876G md@ugnefthe tub@dt?ﬁﬁ'at sf’ @,o f%ngthg}"'st :
hg for Mﬂimmﬁntb@ﬁﬂbslmwjr |""[§”|§|l on of the ,@Rﬁ?ua 181 aRd-sbppottive.
>0Nd40 (sdppgriveyorten pener 7 @ &{tapdﬁ.th KD cpickmaé iotagionf
al | el og élVF xgener:st 74 on Jh Jgt % ﬁ)es f[@,ﬁ]&hmg; nbmsﬁmrtbafoﬁlbefﬁg |eﬁg\§/hen

R ertié of the And ezea"rse Vi ewbsffle brhenmaf drl the firgiskid HpG? to .-
%34‘ botﬂ'b@aj:bﬂii?é le@x gereratars st s h@m gtnd R ingprted info each %nt o

o} die is rojlea on the floorto 7"
oL, nt eﬁls Olﬁsanéi hétgduppditive vattexgederatarsi 766, 1 n 'E A
‘voftex  Oneach endofthedng, plernaling SYPPORR | ng”%l ﬁ" SR bl 4

Umﬂtrtel U GRRERABEOT S
and mnemfpfrétf’ﬁ Vé 306??"e§%‘pp°m“ "°mr=‘xo @e Rl k%ﬁarweﬁcwswe:em@de o

de“"id&?oﬁﬁ@ affleagdofa@ pfeahs.el chords to a

ba f1e. TAROrBIORSS sf o
r oH bafflf,’.é;;l 9#%?{ 'a {edltstha suppor- u'he/:emfamrnstubemteme“t“ﬁg‘ N the .
176, 9|q|7 g ﬂoﬁ»dé vc&&%eﬁ@ﬁorbaff'ﬁéce 128 cbundie thedue sheetsinsfaled TR ST, -~
r of supp%talfvseeﬁM&elmataeeasaﬂfrwqbd as par al®PleditneaReethat f | e rot ated - o

cl pckw sed:&eﬁ‘é}ﬁpmrammofmalbUp'mF'tar“\?‘&e‘t"Ge’t he s b ERd ‘of ‘the ring 176 and ° .

orfented gemeratombnbbﬁfrep@ etfe: next. fleis aAssg;égq;aggs“@ a’,ﬁdudaa:teitleechpms

_t hf ouglest heThPéﬂ'f@gmsﬁ’t

_ea“h quadr
'ca;e and t

ﬁe&to |£z;‘s v - @hiaR8t 8T cabdnistdebwbds, &7 frekiRiofen)

e
ropation THAALT p A f\',ilgf ARGl VOMReXoGAMEreS mplsttwgﬂéﬁvfs'ﬁ ﬂamﬁe“‘;':a'd -
- baf f | #.9 Oabphaiubdseiessibal-non- su;xpmpmweregﬁ m). the

cl pckwiggead a1 o boneyfs ddwar widatgtangigg of the (ZaStO about 40 percent rehthe
fi¥st nonpsgguporention rod baffie, et¥: V\he&sl

wi fh bot h®% gge\ig | e HAOGLALRES @ T i ipathke. Bonbrs sechas) ol adpeeatbafieo
e

undl.e is rolled on the floor to On each end of ‘the ring,
al fernating supportl ng- 110 finish alignnent. The remaining three skid-

'_bars are vortex generators -1 78 and non- supporting vortex: wel ded-into-

- pl ace to formthe cage: for ‘t he =tube - generators 174 occupy - the Ianes def| ned o

—— I o o r 1 - .

geper at or aeimt &manmn&rwcaa tenafe setf@® asod bapEhan f’@#’*ﬁea ex\éﬂ fn'g ngs mi;g;hes

th Qajﬁ'teﬁﬂ‘lﬂﬂleﬁtﬂeﬂbhehe
ripg 176 are ' baffle pl acenent on the. fi rstﬂ hgmaru,d”@mgp.uebfehawwgged_ S

clGEes BIPREY Ti-ve Vor t ise pgiesfadiaeast. SPALFdapart vorgex gpﬁ?éam". e



xcont aing 137 car bon steel tubes, 9.7 feet

ispacel ‘apart vort.ex ‘gener ator* 8 .
IGB 2 064 093 B- . 8. . baffles, each vort generator A,
- of @e rds wel ded to their glrcular hol di ng.r. .The-spacdd-$ 2

yods, "each pair of vortex generator circul ar holdlng r|ng Is welded to the

skid bars. af blibsoriydnb@tor BaneERHbealof r 0ds e rodnwe!dempéb@" cmﬂa;d}olrilgg nng The
p03| ti oned ﬁ&eégmay(gigega{ duriof yuatier gedkragrener at @nculb'afofqm@ "S‘Ets %ﬁ 8{1,

L o e RSN

‘respect to pdifes havimpthapesile! rodsodone vartex f i nal | y, ro H;ppﬁpgne pair of ]
Tods on thegetator bafte iee?(t @éﬁeﬁha@tsa?cf it | e A"cqg atXrQ:raFn@%avfnﬁ?oac;:d
gener at or 5ba)[d$ pl‘etﬂha\?ﬁ" egato/l'%!%a s gwala'ten |-_7|0 nzdﬁ&@roﬁy lrRis GoHMR @érlerator .
pl at e par Q{lo the SRéISAUMOT-T €X Waaimren&k’ﬁf fts @dé welded to its circular
osi ti oned %5 ppaonEd K a8 o ot e | Ui 0 beidibgiraaehichhipo retinedto the gid bars.

fods wel dedyhie & basitionbd4dlsako denedtepanisat h and- t Aeodiepasitionsebe rof
hol di ng rlm%evjab&klrl ng is welded to the ski®$ Efﬂ?cﬁ““ £Tjhis mak gnp% %r?h%%g 'C'%;[ﬁe :
Bs to def| ect THelvenduuction will inclydsch firss ssgﬂg'rtmned ff@;a%?? 3Bt

10 t her. eabowempﬂsmgaf'fstve“'ca' P'a‘ebaﬁ'e" support adj acent” tubes Th| s

rakes one s@e*t'ﬁ"{!?ﬂd gr;'o':’;f e’ﬁsﬁ"e th,w;‘ﬁg on W gkammawde a first. section
¢ epeat €d-as aB’F ﬁ n?ég ,(getn
: 9

wck engt h of A kiegie paxp stiell Bmditube Hidat exchanger _
d vertical b" Eﬁgm |vErikad &alﬁaﬂ@ﬂ@éfsecoed(ChangeﬁO cgogins 143 redson 8‘5?' F'@Wdé‘ﬁ’@f {Wolverine
§ fluid ther eb,e&:eaab te baf/iBaue saghoa@esitiongdiot ex - gen§ﬁé&ym FipyBybep) daig] one inch .

£ hori zont al  foXARSHTEidithdrecksy, peextddjasenty a ne ef'“ e
¥ A single pasgsnemedqaﬁhn'énﬂ tﬁﬁfga 'e‘év{"émﬁ( Hﬁw ;ﬁgﬁ}i{é 7 RA{ @%d“aﬁ)
§ 1ods, a SE@:GPR!‘“BE’"E I tﬁr: éf;% o steel 'ld?l@ h U) Snch\\0b ¥ erh) gidin-end outside * .
Qvertical “1’ 'e 4 ° 9 [idiestd | 0ned tdametel andByPE24Fnch (T8 ew) fin dizmeter.
§out on one |fﬁ A , gu hishetamger ,. a mesnuarad}ca@bmnwwfﬁéi'm&@‘B’zl-cm’
§cm) square phé tsewanmzebenbme eboaemﬁdaflrs gener@pmeerbaﬁplae endy | if%%

nne ‘%\ﬁ

el 4

wing
qparallel pgdgcwnd 0.026 inch (7 cm l-ess than nofgiAPoTy V%l"° céﬂ

enon-
tub
dnext vortex gdhespatiogbdswedn; fer 19 two ﬁi f' Eﬁntbﬁsu .
I3 9

g iat 1 SU s '
\% t7hf :eg (7§ cggvn rdg?gﬂ%gﬁ;ﬁ{; eaift_ & cgkaﬁpéga (f QQQHW ThB@ai €4dBhnger is |

nd out si de V%ing&akomﬂvata&:bbafn‘pbuedistabeof
4support pQsi 4 spdieR B Rdtredrh eom thb fifst4: i N2 ifcheBBOSAPmLIi n dj ameter .. - -
4f.l ow shel %ﬁ Dibt aft, : sp bepedtshid supg it orttgmd y st aigsi nghe bmﬁ@quamge"ﬁP&'%H“%'P@af"a nge o -
gaf 0.25° InChwélGeoﬁéslﬁd@arihenedéwm Heoeh AP a1 epd: %f‘%'f?é’%’rﬁfﬁamgsﬁhﬂ L‘t‘ﬁ%"te one
dbet veen the tpicabn1.8fish 14s75pa"tbwf&él?°'l‘ GP“ al I ovm n _'

rod d - rtive
non- suppor t i W'HBGEF"é'Feéa’i'eaer‘l’b %ﬁfsempggii WeMQ%ro sak?gh?ggﬁs; ZEO '

il exanpl e, t3fothe tubes Of .% i t ! t e1 do' SRSk el bﬁuhdhfsubﬁbetwbm ofthe
d.o"‘“""ar dl y gg%} ﬂewhué}nn SUPPOT triext adjatenn gubsétef telsidjagent baffles. The

: iI'I‘i”er'FB sGHre Ihdi\- rtivie @uecdnlbe s heldpadinghetiveeh gggh pggﬁf@gtaﬁeréaqmes is
Bhaffle is aasi,pani.ée) amdaesos(tmﬁedzaem)en tiEhebehcat eﬁ(@ﬁ'}gﬁ @fzalch)

gcn . - " 40 and each rod has a circular cross squgﬁ fdad to n@é g{cr ss- gt:o:nl\ aﬂda -
0T .30 - Adj-adiemetepef@-13) a’@é&o ::,;cpml r&;:ro e .%Oseé&n da
xm. plate ba‘F\dF‘é , ﬁ or oa be(!h 025 R(dﬁf&nﬁ)ﬂhe non- .
1 rangenent qlé i rod Qs d&ﬁ db&t@/e&kl d bé u&p&r@d’eﬁﬁdﬁ afe voetiied/atthpinerds s_cr@rd{ -

4 P 1EC
xm F U %éj tRétpai aaﬁiaeem fBés. BRtciceniz enpl oywan emmfampta@-rsyaqlnswrw

44.76 cm WI eldﬁgﬂﬁ‘d%ftt&ndrtexgenerstuﬂ@ﬁte igthert wot vlj/2énshil %7a‘? "é‘ss" *’ ';’lfef';v‘fﬂ-ff
fhavi ng apert wekled tathe sidbatso r eceive and su ort“°“sﬂ'| A , ch re frn ﬁ'tenmé"
ods and non- ségipesn tﬂ"dép@sdfwé‘s romyihe 'ﬁ ~exciAR m?,:‘is:? lti ﬂ‘;mr,he
girst rods dprt@:rg@gﬂat aeor SI \ r uce 'ght eni RAgh Ituﬂéghé\@)ﬁegﬁgﬁnfﬂe@wth the non- - -

'af fle hav “'q‘@e?@ across o&lépport | ‘étﬁ:pbﬁd&roa{ﬁiatm-tﬁﬂjmpeﬁ dection ofa. . '
dods of the fru e@.x hey Bk CUsesH t he “phivotadibcestmubés. Themrds of thieserngrtive -
#ubset of tWQh:él ca{‘aﬁlatteah_;’ihérb'GSbaﬁ'Eh@m@IIﬂe fluid. rdl-hefervvdjfsﬂ ay echeptio sy facgefa

@but - can be pagamien betive¢nmyem othattubgdierodsfargdj ac & 5
And are poss twqmgdttbe{q,qggwthq\@nrﬂj ldmgenq nches \:fz[.:aq :ess nggpgééﬁﬁeﬂ};;d'
4 40 and ead’ﬁe F'w'ah% oWt dd w srea ? Section oﬂ@ h%nde%im&rtﬁﬂe\é@tﬂ’e(ﬁdldﬂascnan
Sircular Cross: ’§ % o teO 125 iaA€the ekt 862 otmio.nofiiseppodidgrogs @ - -
405 dianeter ¢ 734 sk I na{s)samEaﬁhhenon- wspbdmi\ebyuthhe:dlonemﬂlsldastas"cond S
fBarallel cpg %éfﬁszaﬁtewadle-zmppwottl axeept hat ihas atehemw"mfaté’?eé@sﬂ “éPF e%?ﬁ
4.0of aci rCuhﬁﬁoshﬁhdﬂlsng\aﬂsmgﬂé@pmtlfammr-ro 5 i ndpe being spaced g t ug—gu
.64 cnm .- mememtloavsmdﬁmt@q% d Arod i fefmge" 2

4 pportlve rﬁ;w '%mﬂ-e rggrgérgﬂt rtggé}gs as chorg §u n&ys?.ﬁd{at&;t E}EwﬂalAfterQ‘cssembly'
& acent tub face d@ihe&\oﬁ—bd Uﬂtﬁé’roﬂs ngsﬁmbrmelrodsare
& om hol di A8 TN g rfe"lﬂﬁ'(‘aer\}(.'ertaftg,lx gener at 89{ baffle i's thenp‘l\a 110 172 inch .
@L. 27.cm)-.rod stock. The.supportive and wel ded to the- skid bars :

'.}n supportive. rods in each bafffe-are parallel wth Adjacent: and spaced
j__'vvnstreamfromthe flrst “respect to one anot her Each oversl ze or~

. e

iis first :
QAre welded to the

o o . [T Y 2 e o o o



[ ad

_vr ng- spaced vertrcaIIy par aI I eI rods (as the Ci rcuI ar r| ng assocr ated @

'_ /-of the non: supportrve rods the supportrv&rods areGB 2%420@54; 0926
roned bet ween the tubes at their—fi fTSTSUDSEl Of two
ectrons ad] acent the opposite face of the Ci r%ul ar - Skid bars of

' nch dthéHubayed wibir imabdr i ng t o FRERH i Q1) briick@nd 0dsd are
%éﬁ?ngd 6: rftawe%pﬁdiﬂte ch@ﬂ"‘a?"éu‘ﬂel ded kKlI %és :% %Eﬁ "“%“)é‘%bd‘:h th@.qrcular. o

mﬂﬁhn HiBe RUISIUPBIIINESP é"‘d?’ rig %S t)fle in respect to.
':‘ flmddus‘;irefwabIEamhes'B GI“ | 8 %d is forced through the tube bundle -
afai nss’ bhiﬂetrgpmﬂa?s érgﬁ q)up‘,j §ect thCeLAv'Iqé:Igr ng. 70 CLAIMS of the
spport sppRortya {9k éttﬁHWgtn be30p CLAI e &b dghw@
t ¥pe co ?'Pgﬂﬁap(i EI;L 'aaja&;ffrr{nédttbhﬂe suppor F‘%ﬁgzﬁﬁ?" etﬁs%%r r»%@g,girsas to
ofter tu uppar&rddemﬁﬂsmsplﬁb@ bu ‘g e Bl fhe oo
fignneq eeétd,ebrttae fiexfinned whejndlig "P,ral ly . orhplising @n erdyef paséie| tubeshe

t gbe agj AR Bt fihnednee, sathet a suep walggué uppgrgyhmurcerd arrangeld imaidrid pe

afi ar r ayadjfoesdutdn the ORPGﬂgg;zé’rﬂL r%_@ t on prhediopp pjsm‘tteofﬁatféfl"é‘::ev :
ciff cul ar ringagithy lt‘ﬁ’ e o blediaEAY | N a grdxcécmt"ttefrs?r“aihﬂ‘t? i1y jg LRSHest

2'ci

I | ng

i t

tq the niopuss t ¢l Qstssfﬂé meg - provi dIWQeﬁP“ﬂI"ﬁr‘ Bliel tiswoe
rdins 1% BYF rorq mf‘ {I:svleﬂ&ﬁio tisagbpdat i ve 1o u% m gﬁ(s‘::i éIﬁﬁQ\fea beﬁald L
: &‘6 s ar nes Jongitudin .
j - _t er SeCFrh g wth a plurali te\/ of par aI | el °l i Fi}re@hujbduédrrtgmsst -
 filr st barTinghe nbiebaffle adsacﬁtnut?é ‘E dna sg,glg) d,d.rnrﬂeattghcsard tghas ehaa e i owns

S :pport i Waereinde supRortivedpds A8 ean ﬁ:, 'h@ ci l’CHluahed!uﬁnﬁl‘o@ghb@‘dé'gwm?ﬁ%'{'éggfr?cﬁ| ng.. .-

" heat exchange contact with said first ¥

- a @l urzl iradg a@fparyﬁpld\pt'hé gsppGt n " .
| 8: | anes aIsgn eumt Ia ' tw@iﬂ\eﬂaﬁtdaShel 85 mm@hﬁ@aiﬂ-‘rf‘ﬁ g:& n:sesaglstlj:a%g o
o‘ acent ssgp ja@JnBEﬁ)adjacmmband CC')'PQIh?ﬁ'é‘PO Yfﬁi, %ﬁ @ﬁ il tg‘tge a o
i : ou Wh UWdeb\UGQdascrdbsd e On SG ?fﬁ SSaid; non-suppoftivélvdteﬁEdl um
t h¥ oughyg s;arfré é.mes angl sets siswo nen- wp?%es s%!)mWsH@ suoE dhaped um
anpt her abgh ard ﬁdsitldnml!iﬂﬁm“ihﬁ'?%[l b ﬁlt @J’é@p%ci-\l% flowdkine but, orpgither slgigr%qgm
wigh the suppbstiverodsigee wald Br‘gf eﬁ aphicea XroMaMIEbTIONS § at*t’b% urrmg%g g

i f st f 1 uthig baide. Tf‘ djoriies e \Mﬂ,amaels is pieshing tbné&wfteh’"é“e‘ erahg sit L
thg t g@ sy 4 dorhist eacrnhw rak i hyn-of rodget)ﬁat?alé ea h e&g,pd -
- sufadj eff Y odon SR sidelpp@ot andeds vort ex g r(’) | oned I n from o

. Fi 1 St oAt @b Fighre; thbeefitesiow 980 f| r $6 FSQGER abrdmaligelditow
| a_es int gﬁrt‘e‘adﬂhaﬂims hdve noGSUPRPRIVEToC %‘?nfﬁaf; rk y wﬂ Q %fgégesié’é?‘: tomprises two'setsof - -

nog- Suppos'ﬁe thereokimths f'stl F nd Ih SUPPOLSrie) Benéritdrexs defuis!. Be érs’ setlying in o
. pofi t i ABedeventhiand °I§)t°r§'1 i 2 sg,"‘ﬁ’@ﬁ? genﬁfeasbgne! flowimpes eﬁmpg a] ‘;" ’:’a"r‘(:s o
“paftiallyrabse ﬁﬁﬁ A e esdnt sintt, ¢ WiOdeu! theseched o Ive ingfle parglgr gy tanes

90t he re§ \{e QU nbABEppbHie rodsioresacher srdaf@ed Bé? fifd 8 c,ag;hﬁorz e

No§- supporg E\ﬂaererop fle. ern-dlhﬂrﬁwerr@ibemd‘ the ~.°g; §E Qube@UEmOd art ube

€Ll 1S40 Gk b aﬂeﬁﬁotbai\grll-eunﬂf’mt’WPQ belfhs e t %‘f%e'" s a8Sothétef i ni'ng- that
iw | ane imnd nbe bafte ochacsr't ar u [ bRk Beordingto appeteof -
tule has a A@erthen F".l e’gedr:i% %g mﬁﬁ?ﬁmﬁrmmm%“ ' c°"’dp"sf:' o
su port [ Véh?'b%'c'dﬁ rt %,Qﬁr I eﬁ@ci as and - as. one or mbrk Ongs a4 |eaH a"lt'ﬂe tzu %s&m m% q - L
pas d nb Ir7.| ﬁlhéfhﬁ bifigandaret he f. |tu@tbunﬂ‘Pf@%meﬂ?tﬁex?‘::eéfbasc risea, Co
ge erat fgi prbb&uesldhaf\me svopertingpor t i spie f%‘ éP*:ﬁ :;’r ‘%?ggp?ura.»%ﬁof amat
hanger- mggﬁ&tMcbmbaﬁlarkﬁumpm‘%wed%d'fheréb? ‘I“ﬁa' Y; ng .rfds&audmdﬂha\hm o
t higrd;. mhsés&ioneddoestmgbhﬁme@ Wbée tWOE T S s thBn the Vi &t thedfioey lansiin ©
dvent h tmmmwtwmt@ P eweel OF L.€X ‘gﬁaed'na}iaéE:caeddrelfoeneépactdrﬂ%'bm“ SR
t sao Irotdr Wst“ b ﬁ’t nthher eof: idestiiam tiectabe Iba'ﬁP'I"ébe columngy o
: gé“ i eﬁeaérdh antbe  riagsdeidinae thetresPREVe f‘?"%m"?géag dee
: the be. The'd omve r&&!ﬁrmhehwtléedsecond %éthe?‘ﬁ‘ "Qeﬁa‘t y ng,e{ors T
; I anes .rErﬁ:ﬂiahu{gu es have non- support i v ' éhed e5

'" ngt
Saifd t Ubgs Copgbe ssindeFIGHEE &FI‘ %%grs% - \fgf
n

oresl—B§% of

t.ragtownartehewhlctsthat .

Heat - exchidﬂ bva@emoe'}IVﬁ or 21,204 df, | ef_#paffle and the other:

‘_ supportbrafﬂes rth?él'st?efl"ﬁ a' f |éja ube T o, Aaredtéxutaegembwrﬁw apy d“ﬁ°“he

| N Lhe it ichakibee. . prededfipusiEing whereinsg ggg obher -

-r th notﬁ f% ;SHo v¥ o druada thirextiedjacket to comarsss a secand sat ¢f a?éﬁt?&&wgﬂ&ﬂow '-
éo éiﬁi%rb\‘th@@@as ot of tirsthafflesi r cul-ar r| n ofget“ﬁ?‘g‘sﬁ ;tteﬁ:ib ﬁ&eﬁ‘g}edﬂaﬁlﬁkﬁond

-3, m@asxeadiaeeusdbstetrﬁéw% sé" .J.e\lﬁorgfzorﬁpr@hb @lamg .

rodb. are |nafedsn.treaiﬂesa:sr set ar@,a\@quple at sf’ g b| rnb kralrbspecsive Hiayunesi ang

thef 45 des cwitihthe firgt 3ubisgt EXHRE m‘j‘ hrest bafgelrg comt@bousion eithentide Willihe wbe. f°‘”s

i .rrredbat@qstlemé‘ft’&émsa'ﬁ& er el n positiored on the oppesi te. si de .of the. =

support .ri-ng “said non-supportive: vortex generators conprise a of ‘this next.

.adj Bcent--baffle. A supportive rod is .- "110:plurality :or. reds form: ng a B

;:-;pl u_-aI i ty of par aI I eI posr tr oned SO as tc wedge bet ween adJ acent '

S " o o, M



Wi th the first subset - except t he partially bl ocking the
respective flow | ane and 65 and su m m"wﬂﬁl e at 900 to the rods of
the besgng conti guous on elther side vt eStu r ows GRR 26Q64sH3 B g
9 posit et ween at' their finned @ ~TTTSTSUDSET- O TWO

batf| es. t |teface ir Skid bars of
fgdgif ; ﬁk 9@% a}ﬂﬁe. &F rgéftﬁ)&s?o‘ciwo Buhar

1/ ' nCh ecr&ﬁbrt 0 V\’h' ?sd??ﬁ nséhqu'e&ﬁ '\he‘k ax%ji;aﬁf e

wef ded hé%aras rtiVé | éﬁ?ar@%ld\é@ d iR iAR¢3.2 b PNidd ard\R LY b Fhe sircular
pr M er ab|v§hmhﬁs]brbﬁrahﬁfbhm&arﬁbﬁéﬁ}&sl@foflﬂte rrng;s baffle in respect to shell
flbid f§ waffle Forespesiup periitfivigdlowolhchs f or ced t hrough the tube bundl e against -
the fins SaEP°E"IY8t’°q iptoraed thyoughithactube busdige dg | %Q CLAIMB of the support rod

ha fi tJosuy ect the wedgjp CLAIM

bef ween 28RfS o,;‘ﬁ Jt‘éfé ot e i f mﬁes EXE ARGt Bhadt Bind Y somprising an
cogprl Si {ilba ‘E’) ok bre b dﬁeﬁntﬁrrdrmfit’e dst2Re RiBe £ ter
t ubul ago sfrabs beta,t_.e tﬁ@ﬁ;tst £HAEd kb gn}:g 0 VRAGR Sl WaRAtek ANE butsdsnél, fh@&ibe
t upe and adjasent Axted tuaemgha:udumhivyrdmsmt ed i burkikeonpdsbng :sleby of phraie! tubise
adg acent sfjapen buttoniiies oppositeisile obthg dipplar t i v & Sr eydhmigricali Amdheeddromngid neiterg aadh
aryay of rpar-vath |r§peq* em@séggftﬁ:%m;ﬂ rmé'rt‘?/t Hat t he g z*qens‘;f E;%fggﬁv %Efrgggvi%ww AN
7 pattern |

ittoned hr affley The nasec on sat tube rows
n -sﬁ)%@ﬁif g"e%ﬁ Jﬁﬁ o R Lo a pl urrra e oiGhh a%r.,,a ) Bfbatafi o 1
one | OCUSing Ad | t | onal supportive rods are gy g ﬁ:ﬁbrﬁﬂdmady Ju@@ daldQfelr between said
i ntersecti nghu\méadabﬂfméd;h“oadmtb shigifrstpatfial | el 15rofa® and dotined, dnll meaigferitedingiairst
fifr st bafwheein thlheupportive rods el rootsupnostiven a s efdidhatediism deeugb eid Baphnd glsecondws
por2q vedsemra!pwmrespemép G@ﬁtja"tOﬁ‘etﬂté' CI r cuffuig med'"'ﬁﬁ@‘t“hﬁ@d ey 18pefdn indirect
i ni ng ’% ﬁP'@P%’t ir)tvedpd amﬂf‘ Fépa %gt heat exchcnge contact with aald frrstﬂurd

b
ﬁx

-m

n-=s Osit erem he tu lec sa h
_”es lo cnﬁi u Jae %Rst? odrvtl d&ﬁ 1 drn
h.et “Boscrite@Wase and COl 4G meemmrﬂe §n Phoriefislb B3 2
fi rst m%ﬂlbmnhhﬁ'ys&ﬁ@@é{s bmorneﬁlsu;ﬂ;adwaon S U§Ha® fHetedE said nontduu;bdilnmdmexm
rough sodschrd pasitisnaticltre eschaaged TBEsemools ar e gme@to-sedomptrisify mesnp partially blookieg .
arjot her anaporﬁ\remr& areovie!dathte hesi sra@er f | @R tharassective flomdanedwt. oppither side: beine|
wifth t he igaafls. {hy pen-quppartivagagedt the fizst ang e%"eé réaﬁﬁa'hgebeweetubw $eai d
s is p

ext adj ba bei
fl rSt %6 @ﬁ'h y arfa ejﬂ@:ri 5@?@ Ijg ‘;l(g 5 enera evoﬁr\cesr he Séc@’%ﬁ m%ﬁluﬁ S it
w@% Jobi7 83 Rerdbflrdl 4ot ¥ Of 1 OGAM HEardlnald
s badj acen&w,t mbﬁg Figure, m&mo,r.amvga.d vortegg g@{oaf’or S positi oned | n from
t fe fi r stthittedieh wbed Hage adivauppalewrbddometath r st 2at.\ hk&tasdhadRfBocoiding & elaifnl 10W
nes | ntseienmratrehe firet tRflebaridfthethir®i ni | ar | y, wheréie thesetedundle tcamprises two sets of

ngn- suPd qﬂv‘ea"%gw%z‘ t‘h'éree gve "g %ﬁﬁﬁ*ﬁe S Upp OYar ey gengrgtaress dretwé the st setlying in
Irs
Q

| e rows

P Si t I Oné a ‘ﬁ\tef% Qﬁé?i the se ixt WéP ?&'@0;'(;6 he%a?g%ﬁg w lane
pfr ti al | JolStawkd bive echwe M‘é‘dﬁ Eﬁﬁé g~ of™ 2 %0
tge r eS p%fife'tﬂeﬁecff dﬁlé\/neraﬂﬁ: Tre ro8 Beifid in e, hpﬂ e&éh'a jdﬁ\g td88m 1 0r2,
)N- S UALP Gkt bifele bralkhe ofh cirloR-st mroatvewmbeuepacedwﬁéreﬁk& eb& ah®MBe Elurbristans
pl ums riesbe na:djbaftfieadradsafmé tirsofaffiehi s subset mdrpdndioullrad dctsthedef i ni ng t hat
‘ow | ane,_ Aftarthen L@ao@rmrpwraye*ﬁeﬂ B0 art@5t hus Ayeatrerdmogedacsording 4a anygohiof
ibe has ‘5:"@; “e'a'r'z:% het g}f in the s?{%@;@é\;ﬁ rtgh%fe'l?éﬂr" Uﬁ‘?ﬁ%&“df‘r’gmmp"‘s::e
upporié Oé g itﬁ% gﬁ, a@nd as undleernj\'g £:‘ietcﬁrs? ncte sél{i r:%‘ @
nd passe%s.tr Rk e%p bl iR A Ao M A scmg.se 95
=neratorof:msrmtaﬂwaérhbbmb@ssubmmwssupﬁ@btbruremr,e SdBrnf? ;ura.,#cfpefahaat
K Cchangerpositiomeddb agtctveedot betwedn adiicete t hier eof chois aiBssfthd g doafds| said radathatihe
hi rd, _ finhed wbes at ke fingéstsebriondA euppomips | ses  t dianaerts esothaBthe sddriepitthe flagnidne in

evenB® ﬁ‘ﬂr @ S‘Y‘gi\?@ aﬁé?ﬁ" Japﬁ'rgt"e\?étwee" vor t ewhigietex ase spateciandeing praged qripoth
rst sett %‘ hf_ﬁ’ggeﬁ"&@tht her sgfs“i’eﬁ fromaheuhe ropg rfr Be colummins; o

. tube a twee venth
rallel § % Ao e A wipe 17D 'ﬁﬁ:ﬁ«rér;:méac el e
so, themsrmra lar$|h§< e Secqn S the rdds R mind ¢ J\%nhageaérlaets
fil ow | pEIEes AaRrseh mmtehmtﬂmmi 1I$aweh nmm;support | 848h RS diafhe®AGhich isd@ni S3edlsH vt
i d t ubevesigedibrassuppértiee rothireadlf subseh of twon- s upghe idtiver thicodsdaetiva ow iant imgvhich tat
heat e>R@fiief: b?“saé&@‘rkﬂ"ri’(ga‘vi?e&‘l‘a‘?%'sl or 120 wQ@isfigcetstl. baffl e and the ot her
on- suppd¥gde d §s| 83 t ube rcﬁ/\éhﬁd"@‘a@ﬂé"wwﬂ bun of the
e negy T 'a% rr Eoge d@%ct B L foode
Afl;a e @f@f Sy sposmg’:% atle sts@*n fastadflow
xchanger a'ﬁﬁﬁixdhd)ﬂzeh@su%y:)ﬂﬂebﬁﬂlestdiebét (-;tf,C égr,mg,rnragiag ihd DS nBRYT sarriament
affl e, ofFaur bafldsp8r sendire nssiembied asiddseribed bund| & sﬂeﬁg,dg@eﬁ-a;sgmpﬁbﬁsrngeneehs
tfi ght eni nwjthy belrsbsubset gwepttbeinonssypportiveone or  mapkialy blbdki tied rebpeative fipdiane add y
ur r oUBRi 47 suRpertiys rde areret BRI RIS U Hfect t cbeingeofiguats dfthdr gide Wik tha tube rows
ttube bundl e internediate its ends, and wherein positioned on the opposite
i de of the support ring said non-supportive vort ex generators conprise a
f this next adjacent baffle. A supportive rod is 110 plurality or rods
form ng a pl uraI | ty. of parai I eI posrtloned so-as tc wedge between adj acent

o " o o, "

_"('D""CD(QQJU)"’—“OD

G



R

_'Wi th 'the”. fi r'.st' subset “&xcept the no rtially blocking the ,)
_ Tespective flow | ane’ and“ 65 and supamtlm@mmm" ﬂigt [err] to the rods of
the = bei ngp cont'i guous on ei'ther side wet ~ CgB R oeM 093 B '1.0

o St —'——GB"Z—OB'ZP'OQ‘B—S"'UF tube coI urms def| m'n'g-rnar-‘r‘m—r'an'é"nd“““
being mhereln he nunber o

w! a P’(ug rowsttn ach of said-
-gener at gdf urtcﬁ ﬁ% gen tefurt eé:vo |c Fﬁ’ eé?g an% S rsta g Hﬁ?tuiﬁ QJ?LHa!i%Lé hr?édd .
~I's an odd secGiif s %@albﬁg 94 .

passes that \é‘ﬂabfs)éeé}ﬁﬂ‘%sﬁéx enerator. - . _ 1ﬁi Aﬁeﬁ@ﬁhar@%ﬁmﬁﬁ to C|a"'"1
~pccording t® cl7aa Reat exchanger achr&nstﬁ&taurEEC hanger assewliangasthereiibaforaddscribed with -
~Bubstanti al | ywieseiltbe aibabefdereemgdes ridxets ofi t h Wheretsrance teghd asbamipaviad drawings.
- ponpri ses tweupmsrtiye yrtex genqﬁtwerﬂeem’et sgdwnsh'e ac 68npatfyp tipe hpadig fﬁ *”b“"‘“ hea‘ et‘c"a"ge'-

Supporti ve vdPGtIE%Ea‘ Wiowrlanes dafineq F "PH’fs'“ga 'a‘/°f raltel gu

bundl for% me Is ﬁ?ﬁ?%fc?%tﬁﬁﬂé'e'z”‘tﬁ%esparalI [N mg g,g{aéﬂ (’ﬂ;ﬁg é ";'r“done
sai d thbe oW 59@ 1o grfaoattemlaﬂtseafallel il WiIEE QDRI 8 parallel
~lying in the vn%F u e KW isesHhdBEhbreCal lgY - @bd élﬂgﬁdld #1seBor@dirBeiion shia fube rows
and -\ 10 defngmﬁdeabma&allpkutrubet:rfgmmumundie ~ and columns defining a pluGliyeF pegaltal flow
bl urali ty of ipemediae itstendseandoviereéimsamisep@®rtiva . heat iaees@ktamtﬁsralcwgwtmertgn@'e wherein .~
cl ai-m 6 or 19, vortel WGWWGNOWHM%@M"F it h a pl uthakbe putsfe qsmpaﬁelsép'umw&m"- '

- baid tube burleFEaER ?'F‘é%@a Pés‘"e 65 }éb%‘p ‘Eﬂ“(f %“el" Qifioned in at

ﬁ l t diate th
ds P g S, oW a sm e jate e
i rect fon. %"Fsm%qga A ttfmps” o i il T

&tha cﬁ'h ﬂ%ﬁlybfo@kmg .
4 ends, and werej ﬂh@ﬁbﬁthﬁﬁb@p&%&rb‘h@to dtaameasext end'ﬂ\lrs’%b&ﬂfb ﬂokxaartelmﬁo sk de, spaced.
i Wherein 15 vodependeatainen abinre waasptiesena pl ural i t forv fhe @ Sow or tuttdr@lutrinl defining that
{ bundl e conpr.i supgortvephdisupboriive wfteX generatof s Ng 78 fdvuipad, wtt?bemfgs psheatd asito generate -

§ chords acr ossere supportadipyend forea plvuhvekpag@ﬁ'eratorsvopmﬁ injadly tédl‘ eidwffaats'tr'nga'S?g that .
I’I ngs sai garmgsga%gpwﬁ%gg% or % S | eas® %L rg ac ordmgto cﬁaum?? being .
g ;Etererez?dl 2a| d %St g'te ngrgﬁ?%p%v %E %nearfarﬁ)r ola%‘hwbdt p_& :{gé aﬂ' %‘( d%ogn\)({heo tg '
S (s) x .
4 generators Coémurbgioriﬁb dPpadHe staaééflsﬂli t:dhrtad:rockl ng 20 19. A&be&ﬁwdcc&mahww 17, bemg '
3 accordi ng t o suppdrthing. as the respective fl ow & abeblbidte hading £édnixerction skbstantially
4 spaced depaaderiti. &peat exchangey atcordingtoginnondaé non- as herembeforefdemrbem'ﬂtfﬁbﬁenf:-“oﬁwthe.

8 .0r tube. col unsidimdet]hmhereiniigdiamgy Gf'tht?\‘?@!‘ and sy w?mpwnv F’Y"é‘ﬂ (%ene at or

. fer

2 fods - 75 fl owpUPBgfEve vg ﬂ‘%é‘f" ”§6s toaaen

gforma plural 5" 'a'('J'Ftef) r"?aﬂﬁ“st” “ﬁ?d?%x@g%erﬁtﬂr a flui ﬁe Ic "t° aé‘be havt "ra Vg°:
2 that chor d§50n . Rﬂ@ﬁgﬁhérlg@gaccommg to any one of ' pturahty of t t?en%ws ne dire @on "ﬁersectmg :
2 heat ‘exchangethe plebddir@ichfing, @herbinkidtShe bundle  18. with & plalith undbecoh@e inth sagoriio g
#claim 17, beicgprbsneionst tiiesesom natppdrtivey e VOIQ’Oediregﬂnwsaﬁttobe fo@slgnd calutrubdefining a’
bundl e as r equarteegknbratossandionat et woaetesf and sai dplsnwpefnarauel ﬂvwr'?tnefxeﬂendmg _
S Generator r od%lpmv" VSUe*ZQBm!Iat°§éE‘t‘PP‘éH°"t‘6"‘t he - oppog‘t‘ﬂ'@d@@t! §th6fu ?ﬁﬁ)‘@mugh :

4] I ubeb ran ermediumlnm irect
9. A tUbé %ngg?j §+€ 6b8| oany ifbel ng g( ﬁg fluig medlu"nfedthrough C
{: e bundl 8 retilé’i ﬁﬁ%l@ (Aol 4 & Cliehortces
accordl ng-to t!easto @h@hg descilt st‘Me‘h e aama@iemtag.t iBes
f#claim6-10, V\ﬁtﬂ‘a(ﬂt: Ebr&éa%diuwtlaé m@é‘rm&diae RON:  thradGk SUTRBIHMRGT ShicAbMIgS:s, said
-';support i ve4Bo¢srtdexnugenaeecaédhy seiddgbes.s 50- 90% of - S¥ortices Bing gan@rted bs Nofrerpportive”

Ji:nprovi ng the helad hsataxp@ﬁrmer qqqerdac mene st t he s eanefatass ipestedd thgeaflomdenss
E coef ficient the rec EAE; igerpeslipte the ends thereof, said vortex:

§ ubes arrangeft: i‘n : d@L"“@t *ﬁé& 1 o %?a“?’iﬁ’e’;. ishamays EiLcere
gaccordi ng &g @Q%vé?@%rﬂ nsnon tI‘Q 's'lat@ f.ube ro ahé?!ft‘?:’ﬂﬁh&u%@ fdws@Ptube columns. -
F-ntersecting thes. RheseHhBEheFdcabrihg td’ﬂ?\?&ﬁ’dd? the t&ﬂ?ﬁm@kﬁ%d‘lrﬁv lane andibkiRg $b shaped as to
5,‘! urality of the b cadiriglenanss, Wherain Siesaolied agoNpr i Sﬂﬁagenleeaastorttct!\(jn getigidofedium asit flows -
#hon- support i varang@Un shid Botieon 5 searapitisl rows -antherseboans defining a vortex =
Renerators.-and/ or at .| east. two sets of plurallty of parallel flowlanes .. .
{-xtendlng supportive vortex ‘gener ators—spaced TTonrone longitudinally -
Bf the tube bundPied By Het ﬁ'é;‘“gjﬁ"’(}fﬁ %R“@ﬁ’mf VI Tt Wt opiebiindy 5o ey 1 Tt 81Fce:
dundle. - - flow of a fluid heat transfer medium in |nd|rect 13. A heat
#xchanger accordlng to any one of ‘- heat exchange with a fluid nediumfed. - |
s# hrough the preceding clains, wher'ei n t'he tube bundle 95 sald tubes, “which
zgonprises. establi'shing vortices -al so- conpri'ses at" ‘| .east one plate baffle o
gxtending in the first mentioned fiuid mediumas- it flows. partially across .’
M he tube bundl e internediate its . through at | east ‘sone of said flow lanes,

§“a|d 45 -ends and i.nt ersected by said tubes. = " - -';'f'vortlces being |
ifenerated by "non- supportlve 14. A heat exchanger accordlng to any one of " -
qort ex generators | ocated i'n ‘those fl-ow | anes the preceding clalnB wherein
‘g§he ‘tubes of said - 100 internediate the: ends t'hereof, said vortex tube:

; 'd|.LCQHp[ISE a_ftnned lnternedlate i s generaeers cenpr|5|ng neanS'

. o " e




