;e3e |jZ@vT91l 5 C E. C 203 ENHANCED CROSSFLOW HEAT TRANSFER The present
|nvent| on rel ates generally to methods and rel ated apparatus fq>r5 ggt@azgﬁgng
heat transfer to or froma fluid flowng cross-wise in contact wth 't
outer thermally-conductive shells of a plurality of axially-oriented heat
exchange conduits capabl Mﬁ“ LN at sink. By
channel i ng cross-w se fl Fov onal to the axes
of the heal exchange conduits. and contouri ng it upstream downstream
and/ or around or al ongsi de the heat exchange conduits utilizing slotted or
apertured pl ates, _babes or surroy nd| n eeve- rrents a s risingly
nmore effective ana%'éf"fe?e@itg}’f?“q?@é aily é%@gfha'ﬁﬁ %ﬁl d and
the thermally condu ve surfac l.i zed. BACKGRCIJND CF THE | NVENTI ON
It is well kﬁamceg%ﬁ@aen%}'ﬁﬂe&afm %ﬁe@gowna.cwés-w%ﬁom theioYisT ds or
gases, by flow ng theminto contact with a thermal-tranf surf ce that is
mai nt ai ned at %’“%@Hﬁ@d eeshelisiof g prugalyy of axjallyrorien ?‘%E’E" WHst r eam
process fluid thereby . resylting in heat transfer ejther tQ or.fromthe
process fl ui FePRRGRARAINERASHIFaLINBICABPT heftsinine P ahannelieoress-vaseiuidiow. s
mai nt ai ned at_a_higher_or |ower tenperature than the fluid). In one .
famliar ver dopipggenemiontiaganal tthe axesind thethent axchange perdurs. apd soptounpg®t act s
as a heat source or heat sink is the exterior of a thermally-conductive
shell of a tn@mm#wepapﬂséﬂemw&mgm Wehanmr@ﬁuﬁsgmheased or
cooled by neans of a liquid flowng axially throu the interior of the
tube or pipe dqﬂﬁdarwm@.woba@mqw@@ngww #surpsnEY ed
directly inside a_heat exchange conduit by means of fl anel ess conbustion of
~fuel gas _7 morestiective mieffgeqidyetirasierbanvesgdhe Sowing fAyidand theeamnallys t aught
.for exanple, by U.S. Patent Nos. 5.255,742 and 5, 404,952, which are
i ncor por at ed cRadustive syfagesaealizede. [t is al so known in the art to flow a
process fluid axially along a thermal -transfer surface, either concurrently
or counter-currently relative to the direction of liquid flow inside the
thermal -transfer tube, or to crossflow'the process fluid relative to the
axi s of the tHid:Ng 2) HE INVENHONsone conbi nation of the two. Typical
applications of heat transfer between crossflowi ng fluid and heat
exchangi ng conduits are found in air coolers, econom zers associated with
fired heaters or furnaces and in shell. and tube exchangers. Various types
of so-called radi ﬁllsUﬂlllamvaltbdlamoabotillpmméhmsowhmhmaghsh@n& drgases, Hyor
various applications whereby at |least a part of’a fluid process stream
nmoves, at sorflowing them intd contapy withe thamel-pansfenswface thatis mapntgssifdtew di recti on
(i.e., inward-to-out or outwardto-in)) as contrasted with the nore famliar
axi al fl ow ( itemaperateredvhich ie differenciomahat dEthe gpsireaipaoqessciuidthercbyresdtingde si gns
enbodying at least in part a radial crossflow of® process fluid relative to
a plurality dtaptiaasfereittiertoos éximtbeprocesa fieidddegentiag on whethbraherthemnidl-S.  Pat ent
Nos. 4,230, 669; 4,321,234; 4,594,227-, 4,714,592; 4,909, 808; 5, 250, 270; and
5, 585, 074 e rahsferf surfiacedi miadraineddcit p bighérant idveer eempdaytureahan thaflaid)y\ th besigh
“"¢rossfl ow contact of a process fluid with a beat-transfer surface can be an
attracti ve opfgmiliar femiomafityis sqehmolagyt thetisermalteansier furfage bt aisas akbmsowrent act
for industrial applications has been limted by certain heat transfer
i nef fi ci enci eshedisinkh isithe extérie of @ feanalroadudtive ghiclaif s dieermdlytpinsfad thive 6m
crossfl ow designs, a given portion of the process fluid is in contact with
t he heat - t r apiffecfor sxunipe, antiichris heatdiDdricaslied bymeddzaid a lighil lawie ARiadEtgk X al
flow design In addition, the contact between the crossflow ng process fluid
and the _2_ melmuenaﬁmﬁbﬂaaompé -Tnlaandhtdh of ¢ié Reknolcdpy URaiaiy BB applikdPr 0Cess
fluid separation and recirculation Short surface contact tinme, uneven

contact and ldiregtlydnkide aliedt @ichang comduitl o atkahdof Mieicldse ttibustidn 6Tkl pad ent

and/ or non-uni formthermal energy transfer.




- Thus, in an article entitled "inpingenent heat transfer at a clireplar o,
cylinder due to an offset of non-offset slot jet," appearing in Int.J Qﬁa
Mass Transfer., vol. 27) no. 12, pp. 2297-2306 (19g4), the authors Sparrow
and Al honoud report experinental efforts to vary the heat transfer

coef fi ci ent s (a%h @Chyir6skn\br b MyaroeEbsr) QREhAfOPHOBERS bYRES. Mataat Nue to a
heat -ttansfer tube by positioning a slotted surface sone di stance upstream

of the heatt rsas3f7ap ahd BQA04,952 WEaditara inddfpolid herddby Ri¥réidd. At honoud vari ed
the width of rite jetinducittg slot, the distance between the slot and the

tube, the Reynol ds nunber (degree of fluid turbul ence), sari whether the
slot jet was aligned with or offset fromthe tube. The authors concl uded

that the heat transsgso kRenlih Gieadtt to oG Laoaes Mill Bxiglyodlont AhBmaiteratigymol ds

nunber, but decreased with slot -to-tube separation distance and of fset.

Because t he ' 3pdideOMthRrEbnOli@itl o0 bomidt EhrEity GeIeR o tHaafirebih daRbidiHow ST er

coefficient increased with slot width, the general utility of an upstream

sl ot to increpsR hebrmid-Aasda ube; 0P cRAMovAIRE bl SluliaeRAvER thdsrugsul t s.

It can only be concluded that, in the experinental design used by Sparrow

and Al homoud thedmbiEiaisiey RibY, o¥isRe cSmBinakiditbfit tioh Tyhied! aﬂ?lﬁaﬁéﬂﬁfﬁﬁﬁr

coeflicient than a relatively narrower slot, and ho upstreamslot at all

m ght yield thgdsbieResh d@&ﬂ&i&%ﬂﬁi@ﬁﬁd m—&@&:@&g%@&dﬁé&%ﬁdﬂwc&m

plurality of héa_ttransfer t ubes) or using upstream and downstream pairs, or

around or almﬁmmiw&wmwﬁ%@&@&ww !

crossflow fluid paths in contact with the outer surface of eac

plurality of Maas@@wémm&mmmmgﬁﬁe%%ﬁﬁ?s can -3
|

1.5 CL C 2003 be nade to such very different altern ve designs and

~eonfi gur at i ORSHARBHlicARorsEhePebly e IKEY % p%ﬁﬁﬂﬁd%w%ggv&hﬁedat and

ot her drawbacks w and limtations of the prior art cr

exchanged depog bl G RaEBFT d Adidh) Skl difdeii e Mablird o8 BRBAGACL.

crossflow heat transfer nethods and designs this invention. O

-FI)-rHEviI SIXEE{ M?ﬁm%ﬁ fﬂgéf h?%a%%?gﬁgﬁ ng& vvgen_ a
Prvent on t o araefofteai deai Gloodiihi Aer hioais 3 gl W6ty SFpBie Alid ' ©
U T aces so a8 pRARAH/ S dpDleR Heptubeto Nifisaie fISA IR palcll ! €

heat - uansfer Nw_rj_m; ,ﬁ\3§ﬂ§§4;f415@49_§'y;?n€41 9;‘9214]9@ éd%"§,g§6,9‘?0'iaﬁd3,§8§,$)%i de

fluid fl owconstrictioh neans upsttea own’st’r édm and/ or droun

?: lcj)ingsiS?(rae:mlggR%sﬁ-f%msg Q&QWWWr eferentially contour a process
g Cross se past t'he heat-uaasfer
Although crossflow contact of a process fluid with 2 heat-transfer surface can be
an attractive option for many applications, the utility of crossflow contact for industrial
apﬁlicaﬁons has been limited by certain heat transfer inefficiencies which have been
experienced in practice. Typically in crossflow designs, a given portion of the process
fluid s in contact with the heat-transfer surface for a shorter time than with a comparable

axial flow design. In addition, the contact between the crossflowing process fluid and the

2



surface i o enhance heat transfer between the fluid stream and £ 2003
t he-heat-transfer surface. A further specific object of this |nveﬁt|% ?9
to provide curved or flat apertured plates or apertured sl eeves disposed
relative to each conduit in an array of heat exchange ~ ~~1 ~ 2003

conduits so a t nt. aII ont ou of th fI upd seam

f1 ow ng crossﬁvm grtj&tggsurﬁ e’sb"‘t 'ée tSPr%cﬁt‘?H]e"o‘{ E%WF‘L”E e e

or bt hoat . #¥ “Sffﬁa%ﬁ%fh'n'eev%{'?t et 352 i fia s cahepdio E ki ons

wherein each ¢Q 1t of,the arr sociated_with its ovvnfluid

f1 ow constri cﬂsgﬁu%ﬁ%‘yﬂ&fﬁnr@gﬁ%ﬂ%‘ﬁé ‘'or around or al ongsi de of

the conduit so as to preferentially contour the portion of the fluid stream
flow ng cross wi se past the outside of the conduit to realize inproved heat

transfer. Q'her obj ects and dv es. of the |nvent|on wll in

part be obvious an %ﬁ@%qg@a‘f‘ t“??g eratmgrq &¥imdgg fue to
accordi ngly co se not, | | m ted to the nmet hods and, rel at ed

appar at us, i nf® étfenﬁislf‘t?é"%s@(/si?' et Masy breesiery YRk AT-0- 3hd t he
rel ation and or nor ch ste nd conponents. wth respect to
each of the oPfr E’?%égg@%g%};ﬁe ars mF"(S;‘I“I%8%1‘-"H f%@éﬂ%’?‘?e&ﬁl%ﬁﬂimttﬁe '
acconpanyi ng dra s, Vayious. nodificat+on of apd variations on the nethod
and appar at us %%FQ% 'FFH&%& e gstocialsd WiysaessHow 0ba PIREEE E3XEIAEYE 1f t he

art, and all Suc dlfécatlons and varjations are considered within the

scope of the ey AREIRoning-a siofted surfRoememe distanch Bpseameni thehedtent i on,

a baffle structure cqerzrtgrl sing at least a paired set of fluid flow
~constructors FESHRY a3k rinerow ang Ahomayd vatierbthe midth ofte gt a
~~process fluid, flaow Cross-wi se, or_substantially cross-w se, in contact

with a Heat - tP&H@F&F‘g therdistance betwesndthe slo apd the tube, theReymoldgnumeher (legireof t he

fluid and the erface The apparat us is
_ turbulence), and whether the slot jet was aligned with or offset from the mmbe. The

-authors concluded that the heat transfer coefficient increased wiﬂl slot width and

Reynolds number, but decreased with slot-to-tube separation distance and offset.

Because the Sparrow and Alhomoud study concluded that the heat transfer
coefficient increased with slot width, the general utility of an upstream slot to increase
heat transfer is at best ambiguous based on these results. It can only be concluded that, in
the experimental design used by Sparrow and Alhomoud, a relatively wider slot led to 2
higher heat transfer.coefficient than a relatively narrower slot, and no upstream slot at all
might yield the highest value. No testing was performed utilizing a plurality of heat-
transfer tubes, or using upstream and downstrearn pairs, or around or alongside flow
constriction means 1o preferentially contour crossflow fluid paths in contact with the outer

surface of each of a plurality of heat-transfer tubes, and no reasonable extrapolations can



-5 ~ ~ n~c z~03 designed so as to substantially restrict the bygassi_ng of
fluid flow such that a predom nant portion of the process fluid ib5fBEGet(3
to flow past the heat-transfer surface. The heattransfer surface wll

typically be one or a configured array of heat exchange conduits, oriented

to have parallel axes disposed in an axial. directign which i eneral ly
ort hogonal t FetHpdel § t"F%rfﬁ%?mFtla{}FW‘f ,g%%ﬂdmgﬂ@aﬂé’m based o B

t hermal | y- conductive shel.l. The exterior surface of the shell of each such
conduit is rrxﬁ"?%’ﬂe,léﬁméf“f@%ﬂeé different fromthat of the upstream
process fluid so that thermal energy is transferred to or fromthe process
fluid by nmeans of conduction, convection; radiation or sonme conbination

thereof, as the fluid flo as nd.contacts _the exterior surfaces of the
heat exchange conhﬁ‘F‘F@d?&rﬁ‘@%?ﬁgﬁ@‘éh@ﬂ%ﬂﬂs@ﬁﬁﬁ“ﬁ{ﬂgoﬁﬂ%m@

i nvention may roadl(%/ conprise robes, pipes, or .any other closures with
heat sources S5fianged: € OY¢fgorag ayiale oxin pag wath the enhapced cxassiiovelah ge
conduits may be bare or, as discussed bel ow, nay finned or any conbination
of the two. THasfermethodsand dgsiensiof fhiinketieni ts or ducts nay be circul ar,
elliptical, or any other closed shapes. Wiere a plurality of such heat
exchange conduits are used, they wll typically be arrayed in sone
predeterm ned_configuration such as in a. triangular array, a square stray,
a circul ar aRBIECIRORBUEINVENTION o ot her such patterns depending on
design choice and/or the requirenents of a particular _... . application.
Rel ative to the direction of fluid flow, adjacent conduits may be aligned,

staggered or otherw se positioned, again depending on design choice and/or
capplication requi ASFREADEY, aprncinay ebiest of this invemtionisdmprovide and desighs be

“.dictated at |least in part, by process requirements for the rare of heat

transfer |n deifabanced evosdlom heatizansienbetweeres process fluidand e hegt-tpmsfer a@fice.
sections (for any given conduit geonetry) will provide |arger surface areas
and therefore nore heat transfer capacity. Fin elenents, baffles or other
heat -transfer enhancing structures may be provided on the outside surface
of sone or all of Itiseedment obieeiohthisdinveotiontotpsovide methotisandidesigesforspedialivace
area and inprove heat transfer characteristics. A preferred enbodi nent
utilizes cl osiestinggad shapng fuideressBon ipaths frntontarpwith ook érmnare hpatrteansfad ong t he
exterior length of the conduit. This arrangenment increases the

heat - t r ansf ersuriases secas to enhanesdpaat rahsiey betweern the finid and the heabtrénsfersenticey t he
flow. It will be understood that thenature and fl owate of the process
fluid, and the desired tenperature change in the fluid between upstream of
t he heat exchange conduits and downstream of the conduits, n¥l al so affect
t hese desi gn choi Aspecific object of this invention is to provide fiuid flow-constriction means

upstream, downstrearn and/or around or alongside a heat-transfer surface so as to
s preferentially contour a process fluid stream flowing cross-wise past the heat-transfer

surface to enhance heat transfer between the fluid stream and the heat-transfer surface.

A further specific object of this invention is to provide curved or flat apertured

plates or apertured sleeves disposed relative to each conduit in an array of heat exchange



The fluid flow constriction neans for contouring the cross-w se f|low of the
process fluid may conprise inlets, outlets and openings of vari 5&%?&&@@3
and sizes in baffle structures | ocated upstream downstream and/ or around
or al ongsi de the heat exchange conduits. In a further preferred enbodi nent,
each heat exchange conduit has its own associated pair of upstream and
downst r eam f |oghdintsisows tocmeferentialiyrcontopr the Slowpathenf dren@pid yngierosst ow
constrictor as described bel ow. The apertured baffle structures which
function as fwise pasf thowutsida of edchof te conduits toreeplizsampravedhest tresfer. sl eeves or
ot her babes which conprise substantially flat surfaces, or curved surfaces,
or a conbination of flat and curved surfaces.. Apertured structures of this
type positioned in pairs upstream and downstream of an array of heat
exchange condui t s Stillanotherahiecbofithis inyewtitnan toeprivade heat-transfer comduitartvsoifor of
about one and one-half to about two tinmes. In a particularly advant ageous
enbodi ment  f oande sizes andppifiserationsvderdin each|condittfof the armam ét assasiatedrwisititsuct ur e
is a larger, generally concentric sleeve-like structure at |east partially
sur r oundi ng .ematfiuid flow-condridiod mea® HBEEam closkmitreaimangfor arouay oolosgsidabfir heat
-exchange conduits, each such sl eeve structure having apertures upstream and
downst r eam ofth¢ &endo e astolpysferentiale dostewnt the portiomefithe flind strégne flowing dross-eeves
of this type at l|east partially surrounding individual heat exchange
condui ts i n avisepasythe butside lof the conduftto hemlize ingadvetl hemdrahsferenhance heat
transfer by a factor of about five tinmes or nore. The apertures in the
fluid flow constriction structure preferably conprise any conbi nati on of
perforated holes or axial slots (i.e., elongated apertures having a | onger
~axis general |y paQthérebjeti ahdadvantagds of thecpresent ioventién wilkin pe be ebvihieage
\seonduits). The holes or slots in different portions of the apparatus may be
t he same or duillfirepart sppesrherdinafier. The ieveatich sobarimply Eomprickg dart Bmotlisitdihe
inlets and outlets may be straight, rounded, jagged, or sone conbination
t her eof The ftheimethbBomidaelant appuiratar) irdiolvirgd the Several fépiand eelwarip@si t i oned
relative to an associ ated heat exchange conduit such that the distance
bet ween t he aenipendrts)endthe telativhshd 6AlEr of ortWMARIE SENsRPCEId Hompofkehtst with
associ at ed heat exchange conduit centroid ranges fromabout O to about 2.0,
preferably f rrespeatas eachkbf U dthers) @oeteniplifid by thedslioity dddériptiofmaddber (or
| ar gest cross-sectional dinension of a non-circular conduit) of the
condui t. | n ccafpayingdfaviRRC VagoahydifeatoRadfland Carifidn s eld niehidl 9hd be -
sufficiently close to realize substantially enhanced heat transfer. The

wi dth (short epparatue @3 heéin dBsciibON@illtR Gpbhreir 16 &idsd dillddii@theARCHddHlIGuel t he
di ameter of a generally circular hole constriction aperture may preferably

-range from abhRedifiéiOns dnd vafftiths dre eondide@éEnRith thesbaP® T @RUAVEARGP t O about
0.25, tines the outside dianeter (or |argest cross-sectional dinmension of a
noncircul ar conduit) of the conduit. The fluid flow constriction structure
is preferably g 7 5 (;i ~ 2C03 positioned relative to an associ ated
~heat exchanggSUMMARY OFHE INVENTION of f set between the center of the
“aperture and the centroid of the heat exchange conduit ranges fromO to
0.5, preferably 0, tines the outside diameter (or |argest cross-sectional

di rension of a noncircular conduit) of the conduit The enhanced crossfl ow

heat exchange appﬁ%%&ﬁﬁv@h&@ﬁ%&%ﬁ&t&@@@ﬁ%%&%%o geen

the crossflowing fluid and the plurality of hea ts by one

or nore of tfﬂa“fwnkﬁyémismmﬂb5%@@&56}&6&%?&%5&1&&%&&% city

around the heat exchange conduits; (b) preferenti y directing the fluid

to closely fglowiy éB&-wikd, of Hibb@nang brdstiRidd G boft¥d DARIGheaO %}M&&dﬂ.
uid are di stant

restricting the f fromflowng into or through areas that

fromthe out &ﬁﬁﬁc&fea@ﬁ&ﬁﬁ b%g%ﬁﬁ b areidd) | .- dead"

regi ons and ?F%?v% ecircul ation Iétr oun gg?ﬁgﬁgwgnge con ﬁléis; 5e‘§ enhanci ng
fluid turbulence; and (f) enhancing-m xing !colds and hotter portions of
the fluid. BRI EF DESCRI PTION OF THE DRAWNGS Fig. | is a schematic top
sectional view of a first enbodi nent of a crossflow heat
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exchange apparatus, with heat transfer enhancement according to thA& Difds em3
~invention, wherein a substantially circular array of axially-di sposed heat
exchange conduits is positioned inside a fluid flow constricted annul us.
Fig. 2Ais a schematic plan view of a second enbodi nent of a crossfl ow heat

e D ol b S o PRSP tRS) F ehre
Crchanee ST o iy b P A B b
e RS S 55 e 295 bt |
e 0 AL e S A g

concentric c¢ircylar array_of heat exchange conduits with radially adjacent
conduits show# #‘H%HP?‘@Hr?éﬂwdsﬂj’é‘h VIS F’Pli‘pﬂ'c?‘!dé‘ﬁp‘feég?l}-i&qmbert ures
of the respective flowrestricted sl eeves associated with these radially
al i gned conduF'f’é%P@g’ﬁlsé%quﬁaMﬂhW“éW&mmﬂ ¢} 2 tempegatyre different fom thef,
sectional view of another enbodinent of a _crossflow heat exchange

appar at us, wi Chths ¥Rstraampresess fhwd so that thermal snerey i trapstarred te er fip rocess

i nvention shmﬁi ng a double row of axially-di sposed best exchange conduits
arranged in a Mﬁgtwafwd ecdion fedigion grispme cambination thareofeasthe | ui d
flowresaicted baffle, a second, internediate fluid flowrestricted baffle
separating t h&8uidifloss pastand sonpets the wxterier surfpees of the heat @xchapgs earduitfownst r eam
fluid flowrestricted baffle followi ng the second row of conduits, with the
—~correspondi ng apertures of the first, second and third baffles shown

_Substantially in alignment with the respective conduits and with each
other. Fig. 5 il | ukkehaatexchmeecondyits arductsofshis mventiopmaybreadivenmptise r ossf | ow

heat transfer apparatus according to this invention showi ng an array of
multiple (i .emwmm%m@mgm%mmsgwmmg@mﬁx@mwnged in a
triangular pitch and showing two alternative fluid flow paths through the
array. -10  yurBcpsofghe heapgchamecprguits niay bebare ar, esdisqussel delosnmaybemedof an
chanced crossflotv heat hansfer apparatus according to this invention
showi ng an ar PE§ysombinatiomekthe twa . The diessseaion obthe conduits ondudtemay kexchange
conduits arranged in _a square pitch and show ng two alternative

circular, elliptical, or any other closed shapes. Where a plurality of such heat exchange

conduits are used, they will typically be arrayed in some predetermined configuration

such as in a triangular array, a square atray, a circular array, an annular array, or other

such pattemns depending on design choice and/or the requirements of a particular

application. Relative to the direction of fluid flow, adjaceat conduits may be aligned,
staggered or otherwise positioned, again depending on design choice and/or application

requirements.

The size of the heat exchange conduits will be dictated, at least in part, by process

requirements for the rate of heat transfer. In general, conduits having larger cross-



fluid flow paths through the array. Fig. 7 illustrates still anoﬁ%r .
enbodi nent of an enhanced crossffow heat transfer apparatus acco rg}g-'vt atd3
this invention showi ng how one or a plurality of plates can be positioned
al ongside two sides of eac~t heat exc>tattge conduit to cause prefe~tial

[ f a. flow fluid ) ' f
char aot er st 1 PR = B Eibephil ot el IR DA RER G TST 1
fl heat i ~f .ah di t hi s . ' i
al tor nat | ve G ERIRRyECRatRy i rnRiie bR’ o sk BelbRttel e IR, 19 "
of " cach hoal TERRGES ER AHNEeA e the oS Rt PR Al ol nEbRIR ity = 05

crossflowing flyi.d streamto achieve chanced heat transfer characteristics.
DETAI LED DESCRIH R T 1 pA e Er s L OB PP TOM 8t B FPRRENE B Kos st | ow
heat exchange apparatus..10 according to thi.s invention havi,ng a. erally
circular arr a?fe%F' WEN@%@B@@#%%M@WHWS%@%W@'%&F@%ﬁaﬁ'ﬂﬁ ed
around the interior qf an nul ar. regi on 28 defined b n_inner cylindrical
Sal1 120" and oo GHEe g oy Caruis T SPanegme e ARG, ol

14. As shown in -11 ~5DE,C 20 Ei , copduits. are of
subst ant i al | y2EhEPesaido thegrossflow %Pﬁ@?&é@%ﬁh?ﬁ@%@ﬁ@%‘h@ of the
annul ar region, and gspaced substantjally.equjdistant from.one another.
2S00 at o v FHIE ik BREHe QfTEHARGE EaticAN Dbyl SRbermues PR G 24 | o
inner wall 20 and a downst aperture 26.in ter wall 22. .Sh in
Fig. I, respeWﬁ@WB&&%%ﬁ%ﬁ@?&%’é %“mﬂ\ﬂgﬁéﬁﬁ%ﬁﬂres 26
are substantially_in radjal alignment with the associated ctduit 12 and
~with each ot h#lfo affet these ﬁé?mqe,s- a process fluid 30 is flowed axially into
~~the imer cylindrical region 16 of fhe heat exchange apparatus 10 and then
directed radially outward through upstream apertures 24, flow ng cross-w se
into contact with _the heat exchange conduits 12, as denoted by the fluid
flow arrows in Fi gthefluid figw gonstriction meaps dor coptourngihe Kposy e dlow offhicaam t o
forma thettaaliyconditioned fluid stream 32 which exits annul ar region 28
t hr ough downs Proeassfluiganay romprisesinlets; owtiets and epenings of vagioys shapes INSIZ88 M i g, |
illustrates a radially-outward fluid flow path, the sanme apparatus coul d be
utr7i zed f ort hafResraciiresecated 1ipstess. dewnsreamapd/ar pound orplongsida thereptynar d t o
ceDterregion 16 _and thereafter being axially withdrawn fromregion 16. In
this vari ati ofrchangeconduis. @@w@rw&m@mmmpmm am
apertures and apertures 24 in inner wall 20 would be the downstream

aper dues. Fi giis ovpasgpriatodpaitefippstragay and dowastrepm flud Sow sonsEricdars pf i PWieat
exchange apparatus 110 according to this inv~tion having a generally

circul ar arr agrowd @ﬁ%@#ﬂ?%mdmb@w-cw&iﬂew
surrotmded by an apertured sleeve 120 having either an upstream aperture
124 and a dowwbich &metiepesfiuid Bow senshriction means mayspmpEsaplpes, sleeyeg or o -12

baffles which comprise substantially flat surfaces, or curved surfaces, or a combination of

flat and curved surfaces.. Apertured structures of this type positioned in pairs upstream
and downstream of an array of heat exchange conduits have been found to enhance heat
transfer by a factor of about one and one-half fo about two times. In a particularly
advantageous embodiment for certain applications, the fluid fiow constriction structure is

a larger, generally concentric sleeve-like structure at least partially surrounding each



15 D~ G203 and 184. 186 as described below. The individual sleeyes 38
an: joined together into a larger ring-like or cylindrical structure by
connecting walls 122. Apertures 124 and 126 may conprise colums of
axially-ori~rted perforation holes or elongated slots which are radialh
aligned with tire conduits, 112, tempiively, .in referred enbodi pent

al so illust raﬁ"@@““ﬁ%ﬁé‘%ﬂﬁ‘%@ﬁ‘ B /&"X‘mﬁ'@r?‘%’ g‘“g&f%ﬁ"?ﬁf'"ﬂwmﬁnd
|84, 186 are slightly offset fromradigl alignmemin a staggered sl ot
arrangem-t . ﬂ?@"‘gﬁﬂég%ﬁ S?Waéﬁséﬁ@w@wﬂgﬁwﬂwxﬁ%ﬁnge 4, 176 and
184,186 is il|lustrated in Fi.g. 2A, . with additiongl detajl .in Fig. 2B, where
of fset sl ot p%nqr%“ Aleevescf igivea at leastp %Ep\@ﬁ%@ﬁa@'@glhﬂaﬁ chapge 126)
~are staggered in elevation_and offset slightly fromthe radial Jine from
cent er poi nt |Sepduit§in anyeay of & utshaye bespfaund e enhaacchsatirager bxafclr ong
the line 2B+2B in Fig. 2A ofa heat exchange conduit 112 having a

cyl ' mdrical <Qf@RoE BYOHMES OHMPRe preferred staggered sl ot arraogemerrt. The
pl an view ofthis staggered sl ot conduitJsl eeve conbination as shown in Fig.
2A is taken along the line 2A-2A in Fig. 2B. The ids of the slots fivm
akemating offset slot pairs can be slightly overl apped or at equal -

el evation so ther dhe aperaresin gheyfivid fiow constriction strestere preferably spmpmseday i on of

t he heat exchange apparatus. This design.with separation and overlap ofthe
of fset slots @ enoineriomterthalesny o 6.ep elpngated pperesdiayipg adangenpped
portions of adj acent offset slots, indicated g~~ally by the zefer~ce nuneral
190 in Fig. 28isgeserpyanaraliel toifbe axialonsatatiorofithe heap exchangeciopduits). ctherholes|
mechani cal integrity w thout blocking amfluid Bow. For sinplified
~i |1 ustr at i on)orsiog. in diffesens pertiontofhe sannaratus mayhedsha sameendifier in errvature, gize r
“offset aperture configuration while the other sleeves have the one-pair

al i gned aper tand shapen The edges awnd the inles and owtletoarheswaight, rowrded.dagasdrarur ed
sleeves for a particular apparatus 110 will typically have the sane
aperture confsoggrcampmationthgreof 1 5 G i~ , a?i1 G 3 Thus, in Fig. ZA a
process fluid 130 is flowed axially into the inner cylindrical region 116
havi ng centerpoint 114 of the heat exchange apparatus 110 and then directed
radially outward through upstream apertures 124, flow ng cross-Wse into
contact with the Abafluddiovacopstrichonistiucture s prefersbly osgitientdiyglativedomhui d | ow
arrows in Fig. 2A, thereby ' heating or cooling the.process streamto form
a t her mal | y- caswustiataddeatcexthanied conduitznciiBa thbhdistnediciweanifse ¢entedineat anegi ons
defined by the sleeves 120 t hrough downsGeam apertures 126. In the

st agger ed sl atpstednoak dowmstreaink apeitufe andi thejassociated haat exchangedondwit centroidher 1 ow
t hrough upstream aperture 174, into contact with conduit | 12, and exit

t hr ough downstmgea froapeabiott © abo6t 2.0, prefdmblyrivtinn gbaut 0150d0 abow1.06] tmes the

i nstead flow thmugh aperture pair 184, 186. It will be understood that

wher eas Fi g. difercdvdmesériod iapest crasshsediibyal dimension iof o ndn-tiraargahduit) ofithes ane
apparatus could be utilized for thermally treating a process stream fl ow ng
sradi sl 1y i nwarodddin inamn eise, tigspating béwestageftareant iconduimisg basuffidcienthywddsadr awn
“fromregion 116. In this variation, aperttues 126 (or 176 and 186) woul d be
t he upst r eam tapelitesubstantialig ealgamced heastrdridfer.( The Wikdh GhotésBdde)wh ah elobgatéche
downstream apertures. Fig. 3 shows a crossflow heat exchange apparatus 160
which is a véaldvatonsificidn dpeftukroriled diavetosta g@neaby giecubip holeabhdridtioh0 shown in
Fig. 2. Apparatus 160 differs fromapparatus 110 in the use ofa doubl e,
concenui ¢ Ci rapeitare nfay proferablip aige frsaiabo@®.02a0 dbidiit S .5, prefeestly Bémlabeut 910330 €
circular array of Fig. 2. As seen in Fig. 3, there is a second circular
array of heatabeuta2s)tithes tiedutside didineter@thardest drésdisattionhl dimaRiin ofatddna
correspondi ng conduit 112 of the fast circular array. Each conduit 142 is
surrounded bycirilabdatbity otk condei cTHOMIA AYw REnsMictitASirbQaispefeaablye 164 and
a downstream aperture 166. Apertures 164 and 166 for a given sleeve |50
associated with a particular conduit 142 are shown -14 15 CE; %;~3
substantial h~ in radial alignment Wth the apertures 124 and 126 in the

sl eeve 120 of the corresponding radially adjacent conduit 112. The

i ndi vi dual sl eeves 150 are joined togethed into a larger ring-like or
cylindrical structure by walls 152. Although Fig. 3 shows only a single
conduit 142 of the second circular array of beat exchange conduits, it all
be. understood that each conduit 112 of the first circular array is
associated wth a coaespoadi ng conduit 142 of the second circular array.
Thus, in Fig. 3, a partially thermally-conditioned fluid stream 132 exiting
first downstream apertures 126 in sleeves 120 is directed radislly outward
t hrough second upstream apertures 164, flowi ng cross-wi se into contact with
the second array of heat exchange conduits 142, thereby further heating or

R 1 - M S M T ] Y LT Y Y O



15 UE ~ 2003 222 having apertures 228, plate 222 separating the first and
second rows of conduits: and, a third, downstream apertured pl at?e52{2{§1£dzgg3
havi ng apertures 230. Each set of apertures 226, 228 and 230 associ ate

Wi th an upstream downstream adj acent pair of conduits 212 and 216 i s shown
substantially in linear alignment with each other and with the associ ated
pai r of upst r pesthonediretitive ot ansssociated beattescliihife amdui? 8h thasthe offsat bétyeenltheis, i n
Fig. 4, a process fluid 232 is directed, as denoted by the fluid fl ow
arrows in Fi egntedof thaapergive apbihe centroidaifBheriredt éxchanzd condait sanges fromtto 0Sont act
with first, upstream heat exchange conduits 212, thereby partially heating
or cool i ng tprefepbb disnes theoansideatidmeten (ar zegest arbdsisedtionahdihension@fidindbr-oned
fluid stream 234. Siream 234 is then directed through apertures 228 and

f1 owed cr osssiwikecomiug) efthe emiduini t h second) downstream heat exchange
conduits 216 thereby further heating or cooling the process streamto form
a fully thermal 'y-conditioned fluid stream 236 whit is flowed out ofihe
apparatus 210 through exit apertures 230. Fig. 5 illustrates two

al ternative possiTheenhdnoedicrbisfiowhastiesclidngeaisparausoftthis inowitioalenihbeateat
“exchange conduits 312 arranged in an offset or triangular array in
accordance virinsfenbatvhar the adossfiowinptflubf aral the plarditynfhbe akchaxed wndatsdppag at us
310 according to this invention. Thus, i.n Fig. 5, alternate rows of heat
exchange conatumdre ofithe falfdwing mechanisiast] ¢ bicteasiny\theiflitd woRstitp brduad tieGegondui t s
in adjacent rows substantially in linear alignnent as showm in Figs. 4 and
6. In this ocoxlisngecaiduis) (b) preferentiillydirettivigzhefinit b5 @6seRdbiRAetie oaRPSats | N
two adj acent rows forman equilateral triangle 340. Although not shown in
~Fig. 5, it ioftheribar eichakeichnduits;(€) renticimi el ffontiloving id bifoupialeseam and
‘“downs~eam apertured plates respectively located before the first row of
condui t s andhathfe distantFrom the otte? WFiadé bE4 héddex dofiGi€ {d)FedititigQeadds Wel |
as fittermedi ate apertured plates separating adj acent rows of conduits.
Ahenat i vel y,regiasund dlosluietirchlaion BiduliEhSad ek Béits! (&) athafBBg R

sl eev~li ke structure as previously described for ot her fi gures. Fluid flow
arrows 332 iwrbhlefce; and (f) efiancih©mikidg BetwedAQoRleP kil Kot} shriibi¥rae R at i on
whi ch can be utilized with the triangular conduit array of apparatus 310.
Fluid flow snows 334 in Fig. 5 illustrate a second possiole fluid flow
orientation which can be utilized with the triaa~gular conduit stray

of appar aws HKIEF SESTRIFIION OF BISDRAWINGY rows of heat exchange conduits in
the triangular array, a smaller or larger ntmber of condtut rows in this
configuration nmay be utilized as appropriate. Fig. 6 illustrates two
alternative possible fluid flow paths through a nulti-row set of heat
exchange condui  Fighl & dchafiatiob BeclloRl VR ErdenltBi R PEAREE AN ST 1| |

anot her enmbodi m~t of a crossfl ow heat exchange apparatus 410 according to

this invatt ieRthangdifpardn®, with hed? trafsfd abQordifle A15¢ pfcQU itk
substantially iu linear a&nme~. 1n this con igurratéoﬁﬁié? e cgﬁ%ggroﬁbi nt of -

four ad) acerinerangyivsfinidlycheuatnt 8Pkt fsdodld s SRS cAiidlis fNNOUGN ot

shown in Fig. 6, it is ~m§grstood hat the apparatus o fén |éncl udes

upstream S”?oﬁﬂéﬂéatiﬂs?&rﬂﬁﬁ@%wc%ﬁ%ﬁ)&?& Shuhgspectively located before the
e

first row of conduits and after t ast row of conduits, as well as
intentedi ate apettured plates separati ng adjacent rows of conduits.
Al ternatively, each conduit 412 nay be surrounded with an apettured sl eeve

~as previously d I Sdad j i iel | UStr at first
possible fluid ??%v%gss%eﬁgati c'):| ﬁ%\?\%@%ﬁéﬁéﬂ h@%@%‘go\;\n&t os%f?ﬂ%”gﬁﬁare
conduit arr eIl - ik I .- 17 ~ 5 c C 2003 434
in Fig. 6 |iallcl?§l§gr at e%%@&%g&#SM%QF%%PMW?WWCW be
utilized w v;,-}p%e i r N aratus 410. Al though Fig. 6
shows 5ve rgﬁv\}}s 0 aﬁ%@%&&%?%&ﬁ%ﬁ%ﬁ%ﬁ%@ ,““ﬁ’g?ﬁlhl ?s or

_larger nunber of conduit rows in this configuration may be utilized as
appropriate. Fig. 7 illustrates still another variation of an enhanced
crossffow heat transfer apparatus 510 according to this inveartion. In Fig.
7, each heat exchange conduit 512 is associated with one or nore | ateral
flowconstriction plates 520, 522, 524, 526, sari S28 positioned al ongsi de
conduit 512 and orienmed generally orthogntal to the direction of fluid
flow, as indicated by arrows 530 and 332. The edges of the lateral plates
520, 522, 524, 526 and 528 closest to conduit 512 are spaced apart fromthe
exterior walls of conduit 512 so as to create two fluid openings or
channel s between the plate edges and the conduit wail, one al ong each side
of each conduit 512. The spacing betwe~ the plate edges and the conduit
wal | may be adjusted by routine experim-tation to optim ze the contouring
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-18 1 ~Di_ C 2003 betwe~ the aperture and the conduit centroid 518 may
be | ess than one-half ofthe dianeter 544 as shown, with a distanéeé 0f{ 2003
approaching zero as a limt, for exanple plate 524. This differs fromthe

bafl 7e structures shown in Figs. 1 and 4 where the distance between the

apertures and the conduit centroid is greater than one-halfthe di aneter

of t he condui Surawdgd by agubstanfaliv gomcerc, dad flowsconstrigied fybula sieeye, o

al ongsi de a heat. exchange copduit' is mto refer {o plates, such as 520,
522, 524, 526howge F?@ﬁf‘b‘{]g‘??‘c%%ﬁggeﬂéﬁié [Qgetserth 8 S5H BREYEC t he
direction of fluid flow_wherein the plane, of the plate jntersects a~ part
of the heat SWHHYUTG&iE IBdE?fide pey o gue epRivislepEacomhation IYSIFAEE Aon of an
chanced crossHow heat transfer apparau~s 610 according to this invention
showi ng a varfreferehstagaersd o Sra@Pe configuration shown in Fig. 2.
In Fig. 8, each heat exchange conduit 612 is partially surronded by apair
of oppositely curved plates 620 generally conform ng to the curvature ofthe
outer wall of conduit 612 in a clamshell confiquration. Each curved plate
620 i s joined to &igdillusEptes yyasiagen of the srgnye p%ggtz Hawine gdqublg) qopcentric
orthogonal to the direction of fluid flow, as_indicated by.arrows 630 and
632. The pai reitgrlacarray et sregngepnduigs with milialivadiageateconuits iowam condui t
612 do not touch each other snd do not extend either upstream or downstream
of the outer alignmenssuchshatthe fivd Alavwrstsctionapenusospiftes respretivetfloye-reswiciedr poses
in Fig. 8 a tine or plane connecting. the upstream or downstream edges of
a pair of curslesvesgssociatedorith thesg ralialiv aligned-eonduin e alsogn padial abignment.r eam and
downst r eam openi ngs between the pairs of curved plates 620 are the

- apertures through which the process fluid streamis directed to realize

- preferential contouring of the fluid stream The distance 642 between the
aperdrre and the &igadus 2 schematic top sectionalGierOufanoiber emliodingint 6f arerpssflowl ess
than one-half of the dianeter 644 as shown w.th a di stance approachi ng zero
as a limt, fheatexghomge appasatug with beatdtansfendnhancement astading todthd pegsgnioach zero
| eaving only lateral plate 622, a conbgurati~ corresponding to Fig. 7 with
a singl e pl atinveBten, siidwisg aldéible rowfof amiallyrdisposed haat etchenge comehrits panged ind-i gs.

| and 4 where the ' distance between the apertures and the conduit c~troid
is greater tsubstatislihrectangiiy ageywish afirssf upstieancfivid Hot-restilted baffle, sise¢dnd,
configuration of Fig: 8 wth each pair of carved plates 620 around the

si des of eachntemmuliste fiGid flowehesificted biffle sepanting thetfirs dnd feeendromarlf copdudts,i on of
Fig. 2 inthat in Fig. 8 a lute or plane connecting the edges of the

upst r eam and addatistd; dowmsidean duidfow-regaictedt baffledollcavihgthe sxennid raw &flcdnduif’j ch i s
not the case for the slotted sl eeves shown in Fig. 2A 1n a sense, the
enbodi nent ofwithi the c@respynding apenuvesiofthe first, srdond wrd third daffies shbivacubstimtidiivnen of
Fig. 7 wherein the individual l|ateral plates positioned al ongsi de the heat
exchange condwalignatent with thepespechiva patduits and eithieach olieg. 7, but instead are
positioned fitceto-firce with one another such that their conduit-side
-edges formthe curved plates 620 of Fig. 8. It wll be appar~t to those
"Stilled in the art that other changes and nodifications

Fig_ 5 illustrates still another embodiment of an enhanced crossflow heat transfer

apparatus according to this invention showing an array of multiple (i.e., three or more)
rows of heat exchange conduits arranged in a triangular pitch and showing two alternative
fluid flow paths through the array.

-10-



may be made in the above-descri bed apparatus and nethods for enhancing
crossfl owheat trnpsfer w thout departing fromthe scope ofthe imqegﬁﬁaen

heroin, and it is intended that all matter conained in the above Co 003
description shall be interpreted in an r~lustrative and not a )uniting
s~tse. -20 15aEC2UU3 cl,.~nvls 1. Fluid flow contouring apparatus

for preferential | §%6Hustaesapotss empegdivren of ap ehanced cosslpsy heayfransfer owi ng
cross-wi se across and contacting a plurality of spaced-apart heat transfer
surfaces, saifBPEFPHIGPTNeihs Inypignshowingan argayof multiples@e.. gired ariniore) ow
coaatrictors in a baffle structure which substantially surrounds each heat
traost m sur f A% efteai cxehanas condyitananged masquare pricktand shawingiwe alfemative ace
fromfluid fl ow around adjac~t heat transfer surfaces |ocated transversely
to the directidflasy pathstheough g ameyi d fluid flow constrictors being
symmetrical by | ocated respectively, upstream and downstream oft he associ at ed
heat transfer surface in at |east partial upstream and downstream al i gnnent
with each other and with the associ ated heat transfer surface, whereby said
bade shucdue co~ofig 1 Hiustraiesstll srethefembailiment of o sahdnced etossfowdieatitansthr a
subs~ntially uniformfluid flow pattern around the contour of a heat
transfer sur PBRASAIDS aqepRding to tsvnyention shawing kayperearapluelip ofiplatgs tam i ai m |
wherein said heat transfer surfaces conprise the exterior surfapes ofan
array of . cyf ppdiqned jalongsde tocsides gbeach heat exadaigesonduiitth esuse peferentizhr al | el
axes. 3. Fluid flow contouring apparatus according to claim2 wherein each
said baffle StnoRingsfesmssiaoyang fuidiseanetosicbiperenbireed heatiranifer s
substantially concentric relative to the associ ated heat exchange conduit.
.21 1 ~ (i chameg®tas. Fluid flow contouring apparatus according to claim3
{‘wherein said paired sets of fluid flow constrictors conprise upstream and
downstream apertures in said sleeve-shaped eleraents. 5. Fluid flow
contouring apparatus according to claira 1 wherein at |east tw of said
baf f |1 e st rncd>r esFiardillpsttatesvebawdeEetbidihent af iroerheticel kaasfevnhek ramger
apparatus for contouring fluid flow around a plurality of heat transfer
surflices. o6aprRraliscecbdndingdo tismrentign shppdigdnudternativedipedpfisieetd iudtude Wher ei n
sai d heat

formed by positioning curved plates having a contour corresponding to two sides of a

conduit around two sides of each heat exchange conduit 1o cahée preferential coniouring

of a crossflowing fluid stream io achieve enhanced heat transfer characteristics.
DETANED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Fig. 1 shows a crossflow heat exchange apparatus 10 according to this invention
having a generally circular array of axially-disposed heat exchange conduits 12

distributed around the interior of an annular region 28 defined by an inner cylindrical wall

20 and an outer cylindrical wall 22, each having a common centerpoint 14. As shown in

-11-




exchange conduits are arranged is a g~erally circular array. Fl uiﬂrféfw _
contouring apparatus according to claim6 wherein the individual baf e 2003
strucdrre_s associated with the heat exchange conduits are irnerconnected
to forma larger, cylindrical-shaped fl ow contouring apparatus. 8. Fluid

fl ow contouring apparatus according to claimT wherein pairs of flujd flow
const ri ct or s TaBripronsaity hiarsof substapgaliy dhe semediametern whigh igrless dhan bgfatdialr es i n
the individual battle structures. 9. Fluid flow contouring apparatus

accor di ng t o wd#iafiie apruletegiop.And spased subgaptially squidistant frpmone a0Qthsyy j se
upstream and downstream apertures in the individual baffle structures which
are onset frora the radial line. 10. Fluid flow contouring apparatus
according to claim1 wherein said heat transfer surfaces conprise the

exterior surfaces Asfocigied wiffxgackheat greohangel condidy 205 aypspam gpesturedd ininpes; y £
C Z003 axially aligned cylindrical heat exchange conduits, at |east sone of
whi ch are sulssalb{andia downgiream eneauredp in ovlghwalhA2.i A Ehovadn Figad reepesier t ur ed
sl eeve-shaped structure having upstream and dowasueam aperture pairs in
col urms par al #airs of upstream apgries 24 lved dowogieamagetwrsiR are sobstantially adiali n
sl eeve structure is secured by a plate nenberto an adjacem sl eeveshaped
structure to Hignmen withtheassenjatedeinduit 12 end with each othier.. Ths,indFig.| loapasAsSour i ng
apparatus according to claim 10 why the .aperture pairs conprise el ongated
slots, each siuid Busifiogred akialiyntethe mgercylindriopl region |l b of thedieatrexchanges of t he
heat exchange conduits. 12. Fluid flow contouring apparatus according to
claimi i whesppamtusd0esd then directed radially outward through upstream apertures 24, flowing
cross-wise into contact with the heat exchange conduits 12, as denoted by the fluid flow
arrows in Fig. 1, thereby heating or cooling the process stream to form a thermally-
conditioned fluid stream 32 which exits annular region 28 through downstream apertures

26.

it will be understood that whereas Fig. 1 illustrates a radially-outward fluid flow
path, the same apparatus could be utilized for thermally treating a process stream fiowing
radially inward to center region 16 and thereafier being axlally withdrawn from region 16.
In this variation, apertures 26 in the outer wall 22 would be the upstream apertures and

aperiures 24 in inner wall 20 would be the downstream apertures.

Figs. 2A and 2B show a particularly preferred crossflow heat exchange apparatus
110 according to this invention having a generally circuiar array of axially-disposed heat
exchange conduits 112, each surrounded by an apertured sleeve 120 having either an

upstream aperture 124 and a downstream aperture 126 or offset aperture pairs 174, 176

-12-



el ongated slots are in radial alignment 13. Fluid fl ow contouri n?ésggﬁr at us
according to claim1ll wherein a heat exchange conduit is associa t G003
two pairs of elongated slots, each slot pair being ofi'set fromradial
alignment with the awWs of the larger cylindrical structure. 14. Fluid flow

col ouring apparatu ccordi,ng.to claim 13 wherein e two upstream and the
two downst reé’t‘r‘f gé“oi@éfse‘g’s@!ﬁg?e@& J%Fé’?céﬁd\'}ﬁl f‘lﬁe‘@éa%ﬁﬂ@é‘f‘n@@&?‘%w &ondui t
are axially offset fromone, another but axially aligned with the opposfte
pai r menber . 1ESF AppE O NACa RISy sqpsring alls, Lk  Anerres 424 pad 461 o
wherein said heat tr_ansLer ?#rf, es.conprise the exterior surfaces of at

| east two gef&&PPHEP egted perpraten holes orsigneged slats gaichameiui t s

ori ~ted to havg par.all el. es, ,one arr bei ng .concentric relative to the

other. 23 PRl ligned witidhe aandug 1124 Fvesww,t%mﬂwﬁaﬁwmtﬂ&ordi ng

to claim15:ywherein the apertyre pairs conprise elongated slots_ in radial
Yeriedie afFig

alignment, e ORE PPTRgn Sppaurg pavyl 14y 156804 184, 186are flishllyes of

t he heat exchan conduits. 17. Fluid fl ow conouring apparatus.according to
claim 15 Mepéﬁ%gpmwz@n%%%ﬁmdﬁmmgﬂwﬁgww slot

radi al | y-al i gned heat exdrange conduits are i~erconnected such that an
spertrnae beg«g{s&mﬂféowmn@pﬁ%%&?@@%mw wallusratedimn s+ 2o avithi | uid f1 ow

constrictor for one_ ofthe conduits and the upstreamfluid fl ow coosaictor
for the ot hepdditional detail in Fig. 2B, where offset slot pairs 174, 176 and 184, 186 (replacing

apertures pairs 124, 126) are staggered inelevaﬁonandroﬂ%etsﬁghﬂy from the radial line
from centerpoint 114 by equal angles 6. Fig. 2B shows a side view taken along the line
2B-2B in Fig. 2A of a heat exchange conduit 112 having a cylindrical sleeve 120 with the
preferred staggered slot arrangement. The plan view of this staggered slot conduit/sleeve
combination as shown in Fig. 2A is taken along the line 2A-2A in Fig. 2B. The ends of
the slots from slternating offset slot pairs can be slightly overlapped or at equal elevation
so there is no interruption of flow along the axial direr:ﬁon of ﬂ:é heat exchange
apparatus. This design with separation and oveﬂap of the offset slots also leaves
connection regions between the sxially overlapped portions of adjacent offset slots,
indicated generally by the reference numeral 190 in Fig. 2B, to provide the sleeves 120
with better circumferential mechanical integrity without blocking any fiuid iow. For
simplified iliustration, Fig. 2A shows one apertured sleeve 120 having the two-pair offset
aperture configuration while the other sieeves have the one-pair aligned aperture
configuration. In practice, however, all of the apertured sleeves for a particular apparatus

110 will typically have the same aperiure configuration.
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18. Fluid flow contouring apparatus according to claim 17 wherein Be_fp "y
aperture pairs conprise elongated slots in radisi atigonear, each OQLU 2003
having a | ong axis generally parallel to the axes of the heat exduinge
candu'rts. 19. Fluid flow conmouring apparatus according to claim1l wherein

sai d heat transf ermhadlid BigesA COPMBEdsSRuill 180 &l Weld Akiali infcBe Bnélf Riindrical
substantially rectangul ar array conprising at least three axially aligned

rows of cyl i ndekig@l 1 RAIngCeRlRARGIR 1549 BEME heat RkiRAELHphRnb V@ ardahdl dikktedx es,
and wherein the associ ated bade strucdtres conprise g~erally coacenric

si eeve- shapeqa@hiRRdyard 2L tupiRednt Srurddd 24 g SeEvARkD UbRadddith the 20.
Fluid flow contouring apparatus according to claim1l wherein said heat

transfer surfiRERScRAIP EoRRit D2, 8X&hicdbyShé fidg a8 wRlrofs BUNS L) ietdbly Y
rectangul ar array conprising at |east three rows of cylindrical heat

exchange Congidhisy or'oblihgdhé HFodass SrdaB¥ BRH amm%zdom@a%aiﬁutﬁ %%g%ggh acent

upstream and downstreamrows, the heat exchange

conduits ori %aﬁeﬁ@mﬂﬁ?ﬁe %h@&aﬁé@&g@@&%@ﬁm Qodistiatrh apafirdal f | e

structures conprise g-~el a oncentric eeve-shaped el enments havi ng

A P e i L S o R o

according to claim rel re associ ated wth a heat
transfer surf ' S&R&& i f . nbers

posi tioned i r@%g#sk e%e%ﬁ%@"ﬁ??ﬁ%‘? e tm%%icggés&o]flbﬁgg?htﬁ?%sfer surface
in proximty d.Qnid aﬂf’@erﬁ:mi : Crxial qﬁfaﬁ ﬁ,&ﬁ,’ 'ﬁ“ﬁ ate
menbers bei pg&oorl ente generar%d%ér&'gﬁgggﬁgfe to ?E‘éﬁkﬁw pgl? 0 e
process 11 Ui GpeifeRic 184 86! Hfl 88 Shllleko AR RSO I A Thled 4 AltaliPO! ONS

~havi dg upstream and dowistream aperture palrs around sai at transfer

_surfaces. 22. i i | | wher ei
The bade st vt fuld Gk A" O anlhoB BRI Bl bR GARS idhdrfiafly flallhd s her o1 1
bade st a | t . . S
P anater Cohy etk SR ol B¥ehitr BT T6 s Gl g QB 15
menber s havi NGafekl %W réild £ I Hid VhrlafSE S5t & 146'Sr 178%nd 186) would be

the upstream apertures, and apertures 124 (or 174 and 184) would be the downstream

apertures.

'Fig. 3 shows a crossflow heat exchange apparatus 160 which is a variation of the
crossflow heat exchange apparatus 110 shown in Fig. 2 Apparatus 160 differs from
apparatus 110 in the use of a double, concentric circular array of heat exchange conduits
mstead of the single circular array of Fig. 2. Asseenin Fig. 3, there is 2 second circular
array of heat exchange conduits 142, each in radial alignment with a corresponding
conduit 112 of the first circular array. Each conduit 142 is surrounded by an apertured
sieeve 150 having an upstream aperture 164 and a downstream aperture 166. Apertures

164 and 166 for a given sleeve 150 associated with a particular conduit 142 are shown
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two sides ofthe heat transfer surface so as to define generally

annul ar - shaped fluid flow regi ons having upstream and downst ream gpEEng&il3
around said heat transfer surfaces, said plate nenbers being joined to

ot her plate nenbers associ at ed vvith adj acent heat transfer 23. A m-hod for

enhanci ng hegr Ls a0, thc.’.El?\\{t}ll#\an%exc P o6 9905 hoBedd 166BFAT W LN

t he outer sur FReEs ange con qui'ts conprising the
step of preferentiall ansf er
surfaces by ?rfegg\?rf‘iﬁl" %paﬁ;? ?‘%Q%B{ rou tﬂeg%&sf ﬁgﬁagelv%g Q%?Bmﬁgdfl uid fl ow
constrictor Chu Z0~~
surrounds egogﬁﬁﬁ'g%{) ?ﬁ%&% %ﬁgﬁw}&e@#?ﬁ%m&ﬁhqﬁognd t hat
heat transf surface firom.f| urfgcec
t ocat ed trnfsvér ELI%/SI'%%E gmélf{;gg{th ﬁecg?&)? clﬂag%%ﬁ é?@l’#‘?ﬁ?’@r"ﬁ? i
constrictors n ric veI

downst r eam Bﬁdpf 'é'%ﬁg%og’gq% thcé)é?mﬁﬁ@t‘gﬂhesﬁ?? ?sg ?Wl al
upstream and_downs dlé%ggam al i % .each ot her and with the associ ated
heat transf &PTERPGARECcOnGpL {’/ﬁg%ﬁ‘eﬁ" FIFUET 85 ct ure contours, the flow path
of said fluid to establish a substantially uniformfluid flow pattern
around the contour of a heat transfer surface. 24. A nethod according to

cl ai m 23 wher ei ai d.heat tr fer surfaces c rJjse t ext.er sur faces
of an array of - 2-9? 1%§I,a @%%e&ﬁ%ﬂ&?%&%&@dMF%Me paral | el
axes. 25. A,nedtod accordi to cl a|5é24 whe e| n each said bade s(fructure
conpr i ses atCVERTERERGHE Lokt B e tnfoyeh S5t

relative to the associ at eat exch e condwt 6, A nethod cording to
~clai m 25 wh&pseam f&eg dﬁ“ﬁ"'f”f"ﬁ%vﬁ 1o sepend Aray gﬁﬁﬁi se

. upstream and gowt\aséog an I%Betlilt %{J)?Ejrélgr];sal d (;srloggl\l/n%tﬁep%ed el erretrcl’tfsrmﬂ

fully thermally-conditioned flvid stream 162 which exits the interior region defined by the

sleeves 150 through second downsiream apertures 166. It will be understood that
whereas Fig. 3 illustrates a radially-outward fluid flow path, the same apparatus could be
utitized for thermally treating a process stream flowing radially inward to center region
116 and thereafter being axially withdrawn from region 116. In this variation, apertures
166 and 126 would be respectively the first and second upstream apertures, and apertures

164 and 124 would be respectively the first and second downstream apertures.

Fig. 4 sl;ows a portion of another crossfiow heat exchange apparatus 210
according to this invention. In Fig. 4 a double row of axially-disposed heat exchange
conduits, comprising & first upstream row of conduits 212 and second downstream row of
conduits 216, are disposed in a generally rectangular array in conjunction with: a first,

upstream apertured plate 220 having apertures 226; a second, intermediate apertured plate

-15-



27. A method according to claim23 wherein at |east two of said ba83e
structures are intercomecbed.into a larger flow conouring appar atu8tfor003
contouring fluid flow around a plurality of heat transfer surfaces. 28. A
met hod according to claim25 wherein said heat exchange conduits are
arranged in a@g—er‘al ly circular array. 26 1 ~DEC 2003 29. A nethod
accordi ng to 2Zevingeperiessdh. Riste 22 hieperatngthe firgt andsecond rows pfeendpitssadat ed
with the heat exchange conduits are intercornmected to forma |arger,
cylindrical <hisédopngipastanesured plpteadiddiasing spertures 230.nEach 5ot of apaisAgo+ o

cl ai nR9 wherein pairs of fluid flow constrictors conprise radially-aligned
upst r eam and 238né 23 assagiated with sn ppstrepm-dovastdam adiaceatippir of eendyds tZeand 31. A
met hod according to claim29 wherein pairs of fluid flow consaictors

conpri se upst¥léanshama subsiantiallydn lineqs ahignreent with eaeh other pnd withhthetgagociated
struchues which are offset fromthe radial line. 32. A nethod according to
cl ai m 1 wher diaff of apgiregmand Hownsiteam condiin2ds anbiiériesnsclively. ext eri or surf aces
of at least one generally circular array of axially aligned cylindrical
heat exc>range conduits, at |east some of which are su>>s~atially
surrounded by a substantially concattric aperw ed sl eeve-shaped stnudae
havi ng upst r eam adusi owFigt 4, e procasrdhidi 232 ip directed, s denbiedby thedhed flesy arawvs he
axi s ofthe associated conduit, further wherein a sleeve-shaped structure is
secured by a ipFigt 4. througl apesturas 236 jand Boweds¢roswadsesintyadtast withcfiist epsteathor m

al arger cylindrical strucnue. 33. A nethod according to claim32 wherein

t he apert ur e hsat axchangerpondsis 212, thereby partially heating or cooling the process stream to

form a partially thermally-conditioned fiuid stream 234. Stream 234 is then directed

through apertures 228 and flowed cross-wise into contact with second, downstream heat
exchange conduits 216 thereby further heating or cooling the process stream to form a
fully thermally-conditioned fluid stream 236 which is flowed out of the apparatus 210

through exit apertures 230.

Fig. 5 illustrates two altemative possible fluid flow paths through 2 multi-row set
of heat exchange conduits 312 arranged in an offset or triangular array in accordance with
another embodiment of a crossflow heat exchange apparatus 310 according to this
invention. Thus, in Fig. 5, alternate rows of heat exchange coﬁduiis are offset from
adjacent rows instead of having conduits in adjacent rows substantially in Jinear
alignment as shown in Figs. 4 and 6. In this configuration, the centerpoints of three
adjacent conduits in two adjacent rows form an equilateral triangle 340. Although not
shown in Fig. 5, it is understood that the apparatus of Fig. 5 includes upstream and

downstream apertured plates respectively located before the first row of conduits and
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el ongated sl ots, each slot having a long axis generally parallel to the
axes ofthe beat exchange conduits. z7 5 DEC ?DD3 34. A nethod h&cBEdi pg3
to claim 33 wherein pairs of elongated slots are in radial alignment 35. A
nmdhod according to claim33 wherein sheet exchange conduit is associ ated

dhod accor nge conduit is associated

a1 i gnont " wi P OheB P8 ERATS hEnelRSRe g lfuidplifhe et Mgl 7 G
di t | ai . '

ol ongat od <! 58 SRt SleRlly ol Bl Sl BFS AR B o B LER

ffset f ' | 1 it ' nber .

37. °A met nod BReaRa R e i pafioR e AR e hehdS, 1T ane or "aur taces

conprise the exterior surfaces of at |least two generally circular arrays of
cylindrical heat exchange conduits oriented to have parallel axes, one

o DT, COnC el 5242 P LR e Bty B | ©

cl ai m 37 wherein ure ots 1n radial
al i gcmmem  each. sl ot havin 0 axis g=erall aral | e t axes of the
heat exchangﬁ@iﬁ%ﬁ'@ﬁimﬁ‘gﬁﬂﬁ‘hﬁgﬁﬂ’%ﬁ&ﬁ%&% ?f%pBT‘W&élowgsﬂé’ﬁn t he bade

structiues O];r?gwlvs%% FPg% rllfusu'aie a second possivle fluid flow orientation which can be

utilized with the triangular conduit array of apparatus 310. Although Fig. 5 shows four
rows of heat exchange conduits in the triangular array, a smaller or larger number of

conduit rows in this configuration may be utilized as appropriate.

Fig. 6 illustrates two altemative possible fiuid flow paths through a multi-row set
of heat exchange conduits 412 arranged in a square array in accordance with still another
embodiment of a crossfiow heat exchange apparatus 410 according to this invention.
Thus, in Fig. 6, conduits 412 in adjacent rows are subs‘tantially in linear alienment. In
this configuration, the centerpoint of four adjacent conduits in two adjacent rows form a
square 440. Although not shown in Fig. 6, it is understood that the apparatus of Fig. 6
includes upstream and downstream apertured plates resp;x:ﬁvely located before the first
row of conduits and afier the last row of conduits, as well as intermediate apertured plates
separating adjacent rows of conduits. Altematively, each conduit 412 may be surrounded

with an apertured sleeve as previously described.

Fluid flow arrows 432 in Fig.6 illustraie a first possible fluid flow orientation

which can be utilized with the square conduit array of apparatus 410. Fluid flow arrows
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of radially-aligned heat exchange conduits are inerconnected such that an
aperture between the baffle structures serves as the downstream filsulid Cf P33
constrictor for one of the conduits and the upstream fluid flow constrictor
for the other. 28 15D~ C 2003 40. A nethod according to claim 39
wherein the apgy PeiituSirss ' N9 I E&I g | al Iiﬁg@;%

each sl ot hav%&%ﬁgbﬁgl aX|és)§%q~d€%‘fgﬁm§ pargﬁ?glog 0 (ﬁ]e‘hg%e%n(?% e ke‘éq

RS SN D PRI R

transfer surlaces conprise t terior su

Cyli naoi cai  naarRORaA R soh iR kel HFRGY: it Rl PP coh RiGro8s n

wherein the a 8%9&9% fflgl-g r s_conprise generally conc~tric
sl eeve el errentscé Vi ng“%‘gs rueamtdaalh&%gé{?\ﬁﬂ?ﬁ eam ap~tu<e pairs. 42. A nethod
according to claim24 vvheran said heat transfer surfaces conprise the
exterior surfaces of a substantiatiy rectangular array conprising at |east

th_releI rowfs]c of t'C1¥| [ l@%fjéﬁfll Heaﬁggﬁgﬁgﬁﬁggngéi ts, W PIB%IgB%r nat e ngvvs bei ng
axially offset from adja u ,

h duyi t i h 1] el . i h [ d
ba 110 st ruct dPREHiSTwesimit il nyensific Bt - SchepL chplge uE TR

1 ai m 23" wher SRECpHA YGRR b BPIIRR 15 EBnkion Hits 0 R S5F Szhomd 28

pai 1 cdgon < PP Honeie Godith 3L o orlemBendralf ruiveena Yo dierhon 6 i 1y

O RSy ST ED oS LS 207,

-

“'defi ne general nul, ar- shaped fl ui.d flow regjons having upstream and
downst r eam apé%lﬁgaﬁg%%aa’?&gﬁ}ﬁﬁ" 12 are snaceq apagh fram the gxiggor waligof | 5 p |

C 2003 44. A nethod.according to clajim 23 Wherein the ba83e siruchue

associ ated w tcﬂng"t%égtso W~@#WQQ°BWP§MEW%P%@Mr s

positioned in pairs .al side two, sides, of the heat transfer siuface in

proximty to ﬁ?%ﬂ%ﬁ?@ﬂgmﬂ%ﬂ&?@%?f’ gach conduit 512 4 iThe spagipg btweenthe plate o

contour corres ong.i@?g)ﬁr espectively to fhe two sides of the heat transfer

surface so as @ﬁr%%%%&WIWWOP%Pm@ﬂ ng

upstream and downstre(g 0] ~‘{1$ around said heat transfer surfaces, said

pl ate nenmber s “BUPHES; Eﬁ’éﬁ“ W PiB o BlaximizehashEansters Weredweprmoreiatamlac ent

heat transfer stnfaces, 29a .A#. Al L.AY.ASh. Ak. AE. . Ap. A6

. AGe. A Ap\ . Asflgg-censtiction pletesgrenptilired fr eacihconduin&E2. the smaging betweenthe plags, . A\ 0
+/kl!]O

) | edges and the conduit wall may be the same or different in order to optimially contour the

fluid flow path.

As seen in Fig. 7, the lateral flow-constriction plates may be positioned alongside
conduit 512 such that the plane of the plate passes through the centroid 518 of conduit
512 (such as plate 524), or else be positioned such that the planes of the plates intersect
conduit 512 upstream (such as plates 520 and 526) of centroid 518, or downstream (such

as plates 522 and 528) of centroid 518, or any combination thereof. The distance 542
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Tr10%/ & ()-f10% & ()- 10%/& ()-i10% & ()-$#10% & ()-=0

conduit 612.. Thus,.as.shown for.iljustration purposes in Fig. 8, a line or plane connecting.

the upstream or downstream edges of & pair of curved plates 620 would intersect conduit
612. The upstream and downstream openings between the pairs of curved plates 620 are
the apertures through which the process fluid stream is directed to realize preferential

contouring of the fluid stream. The distance 642 between the aperture and the conduit
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dE& 109%& ()-!i#"109%& ()-, 109%& ()-& 10%& ()-v10/ 10/ 10/ 0y810% & ()- ~ =!9
~~TO%HS () - V*10%4& () - %10%4& ()- 10 10 107 109%& ()-!) U
1008 ()-c{~ @ 10% ()-\&10%& ()- 10H 10H 10HL\ 810%& ()-! #10%# P Lo 2003
10948 () - UFaB~_ @yz10% () - Y10%& ()-=10%& ()-!S)
10YRR& () - wyZ109%&' () - 109%& () - FKEJE~ @' ] 109%& () - y94.0%& () - <! F10%& () -} 109%&
()-yz10%& ()- 10% ()-EGIYNC! 10 10 100y8 109%& ()-110%& ()- \/Z10% ()-
+F10%&' () cnkfdidRs 18 may bdiesSsAYMEnt O & (He-diameter 644 as shown, with a distance
F10% & ()-!c10%e& ()-cl0% ()- 10%& ()-! via0%ee& ()-Zb W
""" #a?YNC! bpgrOien® deto 3ski¥mit, for example, as the lengths of curved plates 620 approach
& ()-10%& ()-! vi0%ee& ()-fvi0%wP& () -f F10%& () - #k##5$$
$!' $. Sxmb Cbr@ ik g(onty-latkfi plhfe®22 Oedhfiguration corresponding to Fig. 7 with a single
10%& ()-3] 10%& ()-1c10%& ()-/&10%& ()-.$L' ' (@))aBmbCl ! 9" @O%&: () - 9%
plate 524. This differs from the baffle structures shown in Figs. 1 and 4 where the
' distance between the apertures and the conduit centroid is greater than one-half the

diameter of the conduit.

The clam-shell configuration of Fig: 8 with each pair of curved plates 620 around
the sides of each conduit 612, differs from the slotted sleeve configuration of Fig. 2 in
that in Fig. 8 a line or plane cc;imecting the edges of the upstream and downstream fluid
openings intersects the conduit 612, which is not the case for the slotted sleeves shown
Fig. 2A. In a sense, the embodiment of Fig. 8 may be viewed as an extreme version of the
émbcdiment of Fig. 7 wherein the individual lateral plates positioned alongside the hw
_exchange conduit are not spaced apart, as seen in Fig. 7, but instead are positioned face-
to-face with one another such that their conduit-side edges form the curved plates 620 of

Fig 8.

It will be apparent to those skilled in the art that other changes and modifications
may be made in the above-described apparatus and methods for enbancing crossflow heat
transfer without departing from the scope of the invention herein, and it is intended that
all matter contained in the above description shall be interpreted in an iHustrative and not

& limiting sense.
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CLAIMS

! 1. Fluid flow contouring apparatus for preferentially contouring the fluid path of
a process fluid flowing cross-wise across and contacting a plurality of spaced-apart heat
transfer surfaces, said apparatus comprising at least a paired set of fluid flow constrictors in a
baffle structure which substantially surrounds each heat transfer surface and isolates fluid
flow around that heat transfer surface from fluid flow around adjacent heat transfer surfaces
located transversely to the direction of fluid flow, said fluid flow constrictors being
symmetrically located respectively upstream and downstream of the associated heat transfer
surface in at least partial upstream and downstream alignment with each otherandﬁththe
associated heat transfer surface, whereby said bafile stracture contours the flow path of said
process fluid to establish a substantially uniform fluid flow pattern around the contour of a

heat transfer surface.

2. Fluid flow contouring apparatus according to claim 1 wherein said heat
transfer surfaces comprise the exterior surfaces of an array of cylindrical heat exchange
1

conduits criented fo have parallel axes.

3. Fluid flow contouring apparatus according to claim 2 wherein each said baffle
structure comprises a sleeve-shaped element which is substantially conceniric relative to the

associated heat exchange conduit.
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109%&' ()-\109%& ()-10%& ()- K5LLLLLLLOVLbCy109409%& ()- @10%& ()-= 10 10
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10 4. Fluid flow contouring apparatus according to claim 3 wherein said paired sets

of fluid flow constrictors comprise upstream and downstream apertures in said sleeve-shaped

1]
elements.

5. Fluid flow contouring appamtusléccording to claim 1 wherein at least two of
said baffle structures are interconnected into a lz;rger flow contouring apparatus for

contouring fluid flow around a plurality of heat transfer surfaces.

6. Fluid flow contouring apparatus according to claim 2 wherein said heat

exchange conduits are arranged in 2 generally circular array.

7. Fluid flow contouring apparatus according to claim 6 wherein the individual
baffle structures associated with the heat exchange conduits are interconnected to form a

larger, cylindrical-shaped flow contouring apparatus. -

8. Fluid flow contouring apparatus according to claim 7 wherein pairs of fluid
flow constrictors comprise radially-aligned upstream and downstream apertures in the

individual baffle structures.

9. Fluid flow contouring apparatus according to claim 7 wherein pairs of fluid
flow constrictors comprise upstream and downstream apertures in the individual baffle

structures which are offset from the radial line.

10.  Fluid flow contouring apparatus according to claim 1 wherein said heat

transfer surfaces comprise the exterior sutfaces of at least one generally circular array of
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axially aligned cylindrical heat exchange conduits, at least some of which are substantially
surrounded by a substantially concentric apertured sleeve-shaped structure having upstream
and downstream aperture pairs in columns paralle] to the axis of the associated conduit,
further wherein a sleeve-shaped structure is secured by a plate member to an adjacent sleeve-

shaped structure to form a larger cyhndncalstructum

11.  Fluid flow contouring apparatus according to claim 10 wherein the aperture
pairs comprise elongated slots, each slot having a long axis generally parallel to the axes of

the heat exchange conduits.

12.  Fluid flow contouring apparatus according to claim 11 wherein pairs of '

elongated slots are in radiat alignment

13.  Fluid flow contouring apparatus according to claim 11 wherein a heat
exchange conduit is associated with two pairs of elongated slots, each slot pair being offset

from radial alignment with the axis of the larger cylindrical structure.

14.  Fluid flow contouring apparatus according to claim 13 wherein the two
upstream and the two downstream elongated slots associated with each heat exchange conduit

are axially offset ﬁ'om one another but axially aligned with the opposite pair member.

15.  Fluid flow contouring apparatus according to claim 10 wherein said heat
transfer surfaces comprise the exterior surfaces of at least two generally circular arrays of
cylindrical heat exchange conduits oriented to have parallel axes, one array being concentric

relative to the other.

23



10t #810% & () - 6; <=>N bCy !!\ T109%& () - <S109%& ()-Z 109%& ()- #&L0%& ()- 10 10
10i @10%&' ()-'| \kpgrsaVK@ '! 10 10 10\8109% ()-)g 15 DEC 203
109&' ()-\"' Z109& ()- 10%&' ()-! F6#10%AA ()-sJII A2VK@ !!- 109%& ()-c

109& ()- @OY%& ()-!=LJ 109& ()- !'LJ 109 ()- v%10%& ()- ZKbCy

1] 109 ()-y&L0% ()- 10 10 10c910%& ()-+- 10% ()-)#10% ()-JwXVB7 10 10

16.  Fiuid flow contouring apparatus according to claim 15 wherein the aperture
]

pairs comiprise elongated slots in radial alignment, each slot having a long axis generally

parallél to the axes of the heat exchange conduits.

17.  Fluid flow contouring apparatus-according to claim 15 wherein the baffle
structures of adjacent pairs of radially-aligned heat exchange conduits are interconnected
such that an aperture between the baffle structures serves as the downstream fiuid flow

constrictor for one of the conduits and the upstream fluid flow constrictor for the other.

18.  Fluid flow contouring apparatus according to claim 17 wherein the aperture
pairs comprise elongated slots in radial alignment, each slot having a long axis generally

paraliel to the axes of the heat exchange conduits.

19.  Fluid flow contouring apparatus accor&ing to claim 1 wherein said heat
transfer surfaces comprise the exterior surfaces of a substantially rectangular array
comprising at least three axially aligned rows of cylindrical heat exchange conduits oriented
to have parallel axes, and wherein the associated baffle structures comprise generally

concentric sleeve-shaped elements having upstream and downstream aperture pairs.

20.  Fluid flow contouring apparatus according to claim 1 wherem said heat
transfer surfaces comprise the exterior surfaces of a substantially rectangular array
comprising at least three rows of cylindrical heat exchange conduits, with altemate rows

being axially offset from adjacent upstream and downstream rows, the heat exchange
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conduiis oriented to have parallel axes, and wherein the associated baffle structures comprise

generally concentric sleeve-shaped elements having upstream and downstream aperture pairs.

21.  Fluid flow contouring apparatus according to claim 1 wherein the baffle |
structure assocjated with a heat transfer surface comprises a set of substantially flat plate
members positioned in pairs edgewise alongside two sides of a heat transfer surface in
proximity to without touching the surface, the planes of said plate members being oriented
generally orthogonal to the fluid path of the process fluid, so as to define generally annular-
shaped fluid flow regions havitig upstream and downstream aperture pairs around said heat
transfer surfaces,

22.  Fiuid flow contouring apparatus according to claim 1 wherein the baffle

‘ structure associated with a heat transfer surface comprises contoured plate members
positioned in pairs alongside two sides of the heat transfer surfﬁce-: in proximity to without
touching the surface, said plate members having a contour corresponding respectively to the
two sides of the heat transfer surface so as to define generaily annular-shaped fluid flow
regions having upstream and dowmtream openings around said heat transfer surfaces, said
plate members being joined to other plate members associated with adjacent heat transfer
surfaces.

23. A method for enhancing heat transfer to or from a fluid flowing cross-wise in
contact with the outer surfaces of a plurality of heat exchaﬁée conduits compriging the step of
preferentially contouring fluid flow across the heat transfer surfaces by flowing the fiuid

through at least a paired set of fluid flow constrictors in a baffle structure which substantially
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surrounds each hest transfer surface and isolates fluid flow around that heat iransfer surface
from fluid flow around adjacent heat transfer surfaces located transversely to the direction of
ﬂ;lid flow, said fluid flow constrictors being symmetrically located respectively upstream and
downstream of the associated heat transfer surface in at least partial upstream and
dome@ alignment with each other and with the associated heat transfer surface, whereby
said baffle structure contours the flow path oi: said fluid to establish a substantially uniform

fluid flow pattern around the contour of a heat transfer surface.

24. A method according to claim 23 wherein said heat transfer surfaces comprise
the exterior surfaces of an array of cylindrical heat exchange conduits oriented to have
parallel axes.

25. A method according to claimn 24 wherein each sald baffle structure compnm

a sleeve-shaped element which is substantially concentric relanve to the associated heat
exchange conduit.

26. A method according to claim 25 wherein said paired sets of fluid flow

constrictors comprise upstream and downstream apertures in said sleeve-shaped elements.

27. A method according to claim 23 wherein at least two of said baffie structures
are interconnected into a larger flow contouring apparatus for contouring fluid flow around a

plurality of heat transfer surfaces.

28. A method according to claim 25 wherein said heat exchange conduits are

arranged in a generally circular array.
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20. A method according to claim 28 wherein the individual baffle structures-

associated with the heat exchange conduits are interconnected to form a larger, cylindrical-

shéped flow contouring apparatus.

30. A method according to claim-29 wherein pairs of fluid flow constrictors
comprise radially-aligned upstream and downstream apertures in the individual baffle

structures.

31. A method accordmg to claim 29 wherein pairs of fluid flow constrictors
comprise upstream and downstream apertures in the individual baffle structures which are

offset from the radial line.

32. A method according to claim 1 wherein said heat transfer surfaces comprise
the exterior surfaces of at least one generally circular array of axially aligned cylindrical heat
exchange conduits, at least some of which are substantially surrounded by a substantially
concentric apertured sleeve-shaped structure having upstream and downstream aperture pairs
in columns parallel to the axis of the associated conduit, ﬁ:rﬁxerwheremasleeve—shaped
structure is secured by a plate member to an adjacent sleeve-shaped structure to form a larger

33. A method according to claim 32 wherein the aperture pairs comprise
elongated slots, each slot having a long axis generally parallel to the axes of the heat
exchange conduits.
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34. A method according to claim 33 wherein pairs of elongated slots are in radial

alignment.

35. A method according to claim 33 wherein a heat exchange conduit is associated
with two pairs of elongated slots, each slot paix being offset from radial alignment with the

axis of the larger cylindrical structure.

36. A method according to claim 35 wherein the two upstream and the two
downstream elongated slots associated with each heat exchange conduit are axially offset

from one another but axially alipned with the opposite pair' member.

37. A method according to cleim 32 wherein said heat transfer surfaces comprise
the exterior surfaces of at least two generally circular arrays of cylindrical heat exchange

conduits oriented to have parallel axes, one array being concentric relative to the other.

38. A method according to claim 37 wherein the aperture pairs comprise
elongated slots in radial alignment, each slot having a long axis generally paralle] to the axes

of the heat exchange conduits. -

39. A method according to claim 37 wherein the baffle structures of adjacent pairs
of radially-aligned heat exchange conduits are interconnected such that an aperture between
the baffle structures serves as the downstream fluid flow constrictor for one of the conduits

and the upstream fluid flow constricior for the other.
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elongated slots in radial alignment, each slot having a long axis generally parallel to the axes

+

of the heat exchange conduits.

4l Ametod according to claim 23 wherein said heat transfer surfaces comprise
the exterior surfaces of a substantially rectangalar array comprising at least three axially
aligned rows of cylindrical heat exchange conduits oriented to have paralle! axes, and
wherein the associated bafile structures comprise generally concentric sleeve-shaped

elements having upstream and downstream aperture pairs.

42, A method according to claim 24 wherein said heat transfer surfaces comprise
the exterior surfaces of a substantially rectangular array comprising at least three rows of
cylindrical heat exchange conduits, with alfemate rows being axially offset from adjacent
upstream and downstream rows, the heat exchange conduits oriented to hafre parallel axes,
and wherein the associated baffle structures comprise generally concentric sleeve-shaped

elements having upstream and downstream aperture pairs.

43. A method according to claim 23 wherein the baffle structure associated with a
heat transfer surface comprises a set of substantially flat plate members positioned in pairs
edgewise alongside two sides of a heat transfer surface in prpximity to without touching the
surface, the planes of said plate members being oriented generally orthogonat to the fluid
path of the process fluid, so as to define generally annular-shaped fluid flow regions having

upstream and downstream aperture pairs around said heat transfer surfaces. .
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44, A method according to claim 23 wherein the baffle structure associated witha
heat uan;fer surface comprises contoured plate members positioned in pairs alongside two
sides of the heat transfer surface in proximity to without touching the surface, said plate .
members having a contour corresponding respectively to the two sides of the heat transfer
surface so as to define generally annular-shaped fluid flow regions having upstream and
doﬁnsteam openings around said heat transfer surfaces, said plate members being joined to
other plate members associated with adjacent heat transfer surfaces.
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