VERTI CAL COMBI NED FEEDY EFFLUENT HEAT EXCHANGER W TH

VARI ABLE BAFFLE ANGLE BACKGROUND OF DI SCLOSURE Fi el d
w@boobhessEt scl osure [0001] Enbodi ments di scl oseRCTIES®091044605

rel ate gener ally to a heat exchanger. More

s ecificall enbodi nents di sclosed herein rel ate

T1€Adk BINEP EEEDSREFLEENT MEA@&EXCHANGER

eXChanger OWITHW ARIABEE BAFFILE ANGEES t wo- phase
fl ow. Background [0002] Nunerous configurations for

heat exchangers are knovvn and used for a variety of

appl i cations. y Ot PISEEAOSPIR EFgur ati ons, a
shel | and tube eat exc anger, as illustrated in

Fi gure 1, includes aFieMl dfnitk Disalossieel | 10 housing a

le of par al | el E% pes 12, which extend between two
IOOOHnd pl dinaodiments diseiased herejrs relte (geperaldy ¢ hyak gxchanger. More

I@g@&ﬁ&ll&h&ggécﬁﬁl% %hstc%@@ Wl el t%eacﬁ)eréﬁ e{cjh%gar l%lch as a shell

space between t
plaad ebhedratexchangen rcenﬁ gired txnefﬂﬁamhtlyvptdmeﬁshWOg)metsﬂoWo
provi de an i nproved hea#3 e chan e between the two
fluids, the flow path of°3 ond fluid 18 is

[OOO%ef ! neqkhﬁﬂer N Bl dhs PRt Jlefftse aflgér and 1(58%591?1&1i ¥§ed for a
assa Ich are arranged so that~the secon ul
f Ivametgrlﬁragp]scaltlbss dOneof tlmnw1deiypme$ corfiguraionsreeshod sied gbe heat

R REeE A1 LT od Byt e A Pl abeTs g o bundi

bafefh Bkt pi ?5s 223 Vﬂﬁ@ﬁ‘ lef’t%nd b&%e@% @h@gfatesqr 4850l tﬁ&t@ﬁfsﬁﬁuld 16
perpendi cufar to a |ongitudinal axis t he shell

1Qan pagprtbadugh the pipgy 48 Memwwdileof sechad swabhdl flpwaiie and through
[ 000 thls arran t he, second flu
<1 pioge Briing RLORRRGRR o0 8F 6 EERT gl B bt s o
alppiddd Elﬁ ihnPRaich Hht Ei@aﬁ%@bbtwe@'ﬁltﬁe 606 FRSdsA tKee flowt padin of the
in the dynam c @ essure the second fluid and
1

NGACORMi ﬁlaﬂ rh8fis slgifived by intgrnpgséste bpiflegyAOciorming respective passages,
hgﬁ{%}p %} 8 an gvgrtﬁgtl ek %&fﬂt kARG L E} rl%edlpéctlt)ﬂ Qn passing

exchan exanpl e, a perpen ar posi t
offrdnfn @nb@ﬁislags ta tHeadexy.e The baffies| 200 gotfiglirehbs aithes praftlal circular

the shell results in a relatiyv i neffici nt heat
¢ SREBPF 25 2havP ( (prrdials affgénf‘dlf%doa%i%/sp 00T 2B %n%%syand discs, are

> ggéf%?l%fgérﬁﬁa dupas ERhSRERIUSR Fol OHDXRAB 30 kO HRHER a zigzag

e-to and pi pe-to-baffle clearances,
r gkt 24 n@thlelsecfdnd\ﬂumhll&ll stribution, eddies, back- f | ow,

[000g2g Sglq gﬁ%@;%taggergéntft%glsego%d f?qu s % hharply C grsfée &w direction of

its flow several times along the length of the shell. This causes a reduction in the
dynamic pressure of the second fluid and non-uniform flow velocity thereof, which,
in combination, adversely affect the performance of the heat exchanger. For
example, a perpendicular position of the baffles relative to the longitudinal axis of
the shell results in a relatively inefficient heat transfer rate / pressure drop ratio.
Additionally, such baffle arrangements produce flow bypass through baffle-to-shell
and pipe-to-baffle clearances, resulting in flow maldistribution, eddies, back-flow,
and higher rates of fouling, among other undesired consequences.

[0004] Pressure drop, flow distribution, and heat transfer efficiencies are important

variables, especially in the many industrial chemical processes where a vapor phase
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5,138 A2dignb tibbsideBdiling / shellside condensing in helical baffle design;
tubeside condensing / shellside boiling in helical baffle design. Helically baffled
exchangers are described, for example, in U.S. Patent Nos. 5,832,991, 6,513,583,

and 6,827,138.
[0007] On a theoretical basis, shellside boiling is favored to reduce the required
surface, as the shellside boiling coefficient is enhanced by the relatively larger

volume of the shellside due to mass transport effects. However, fouling



and 6,827,138. [0007] On a theoretical basis,
shellside boiling is favored to reduce the required
w@obaess?2 as the shel |l side boiling coefficientPCBUS2009/044605
enhanced by the relatively larger volune of the
shel | side due to mass transport effects. Howeve
f ownpidgetors destatlsohe addesssed) 8 tlafet@@aﬁ@%ﬂdmr@éﬂr g easier to
tu eside will normally be easier to clean. [0008] A
ack of the shellside boiling arrangenent is
moo%nm dex @ehvlacRaF tHeathellQ@sb@ling wirAdRMenoReoatieRd at partial load
ere the shellside velocities may not be sufficient
tcprpwénﬁbmn eheraons eyherst the nshsHeide aelacitisy Bay mek he gpffigient to
pqugeél? ?)hgs%%g%aqgtm %n% l?#@ﬁﬂb\gl Flihe é{ﬁg ﬁk&%é)ﬂjyz&kocf v&thefﬁvt){e inlet.
ract resi dence me can resu In

f @iichlwﬂdl[qﬂﬁﬂﬁﬂavif hQulk’lEﬂa&tldlﬂ avii gl kesafeneantyme uhlemsdle in fouling.
boi |l i ng arrangenment is that the vapor and |iq
[0009} act i oy musidrayebask ohryy Hbstids beiliag AT ESERIA t&fth%t the vapor and

TP It ol b Rert PRl dd i Wb & IR chiflBnters, in

aracteristics 1n eac
[ rt&daemnslmanmd the\/\expeetsd ub@lidg ogharetdnstcst on aedvhetde, and an

this distribution has not been _ found 010]. ., ..
AGESHTHGE g Lo PEaks i BeRaM FoperLde &@H%@%Pas not been
angd paffl e designs for effectively processing

t wo- phase inlet flowin vertical units. SUMVARY OF THE
[0010) SCL(BURErc[lﬁgljz;L}hetm exims aaﬂqmelcfor heatbodhaneget sndibetflodesigns for

her inrelate to a er inc udln a shel
? HV%fo%ie%?"?gntlwé’tp 81 etfhf%ﬂgﬂl W? fml Sdgpl urality

of baf fl es nq$0?@ I e fluid
into a helica IOMIpQ{?Zgﬁﬁ? 985 I2|| wher ei n

[0018] hel i xhan %s&cpferﬁadaﬁﬁgﬁtﬁf d?&%%'em&elh hx%la'té" |t@ta héat exchanger
different than a helix angle b baffl e proxi mate

t Heclodinget. sl{e@_oll@ﬂmg n Bwidt indat %tlsipécﬂmd ervtletii arphurelity of baffles
O AUABED PRSP Eh2L 5 BB AR b TP bR e o st

a \ffhdfr&h o RdlixChnigl¥d ©bf & BeffRi proxihatd e $nleeis différeiit than a hehx angle
mani fold having a first fluid outlet therein; a

pl Riptes b&fﬂe@fowmb@éh%&wt@ﬁdu ng between the manifol ds and
[OOI%E i flui 191 n%Eﬁ‘}‘%'s e%? e&g\”dtislélosgd %hl%lnl reggft%.etgdi 1 and tube

ween e mani S an enconpassi ng

shedat e;tbaumgtg igcledia@notubtgidedinla |n@tn11@hﬂhai/u$§@ dind fiulid irﬂet therein;
outlet therein; a plurality of baffles nounted in the

stefubeside gutlgtemanioldhaying 1 firstaflpidy eptlet fagreigap FIRGHLY of tubes
Eg%x;t%gﬁhé Bét%glli] thd) Eﬁllﬂ% ds’ aa‘\@qﬁ’{] ?lg Iﬁﬁlu;n?%aﬁ&? ltﬁer@@fth A3 shell

oxI mat e t secon ferent
t hexter@ing between the mamfolds and encompassing said tubes, the shell having a

second fluid inlet and a second fluid outlet therein; a plurality of baffles mounted in
the shell to guide the second fluid into a helical flow pattern through the shell;
wherein a helix angle o of a baffle proximate the second fluid inlet is different than a

helix angle § of a baffle proximate the second fluid outlet.

[0013] In another aspect, embodiments disclosed herein relate to a process for
exchanging heat with a mixed phase fluid, the process including: feeding a mixed
phase fluid comprising a vapor and at least one of an entrained liquid and an
entrained solid to a heat exchanger, the heat exchanger including: a shell having a

fluid inlet, and a fluid outlet; a plurality of baffles mounted in the shell to guide the
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helix angle b of a baffle proximte the second fluid
outlet. [0013] In another aspect, enbodi nents
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[0018] Heat exchangers having baffles with a varied helix angle according to

embodiments disclosed herein have been found to be useful for shellside fluids
undergoing a phase change, such as evaporation, condensation, combustion, and the
like. For example, for a two-phase inlet flow, such as a vaporizing liquid-vapor
mixture, helix angles proximate to the inlet may be provided to maintain sufficient
fluid velocity to avoid phase separation of the vapor and the liquid. The helix angle
of baffles proximate the shellside fluid inlet may be close to a position perpendicular
to the tubes, thus causing the incoming dense fluid to swirl at a high velocity. As
the liquid vaporizes due to heat transfer within the exchanger, the helix angle of the

baffles may be further from perpendicular, such as for baffles closer to the shellside
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tubeside inlet manifold 32 having a fluid inlet 34 therein. Tubeside inlet manifold
32 may also have a vent 36 disposed therein. Heat exchanger 30 may also include a
tubeside outlet manifold 38 having a fluid outlet 40 therein. A plurality of tubes 42
may extend between the tubeside inlet manifold 32 and outlet manifold 38, allowing

for transport of a fluid from the inlet manifold 32 to outlet manifold 38 through
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endbodi 4% tvdthil thel rasgdfrbmr$lont 25° to about 45° in other embodlments and
from about 35° to about 45° in yet other embodiments.

[0030] Heat exchangers according to embodiments disclosed herein may
advantageously be used with shellside fluids having two or more phases.
Advantageously, heat exchangers according to embodiments disclosed herein may
provide for a shellside fluid flow velocity to minimize or avoid phase-separation of

fluids passing through the shell, such as by having baffles with a small helix angle

where two-phase flow is expected. Additionally, use of larger helix angles where



[0028] For exanple, in sone enbodinents, helix angle a

may be within the range from about 5 to about 45;
wowrdbitgssehe range from about 5 to about 35 in PCTES2009/044605

enbodi nents; and from about 5 to about 25 in yet other
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exchangers having baffles with a constant helix angl e,
heat exchangers accordi ng to enbodi nents di scl osed
herein may maintain two-phase fluid fl ow even at
significantly reduced throughput |evels, thus

advant ageously allowi ng for a broader throughput
range. Wile the disclosure includes a |limted nunber
of enbodi nents, those skilled in the art, having
benefit of this disclosure, will appreciate that other
enbodi nents may be devi sed which do not depart from
the scope of the present disclosure. Accordingly, the
scope should be Iimted only by the attached
clai ms. CLAIMS What is clainmed: 1. A heat exchanger
conprising: a shell having a fluid inlet and a fluid
outlet; a plurality of baffles nmounted in the shell to
guide the fluid into a helical flow pattern through
the shell; wherein a helix angle a of a baffle
proximate the inlet is different than a helix angle b
of a baffle proximte the outlet. 2. The heat
exchanger of claim 1, wherein helix angle b is |ess
than helix angle a. 3. The heat exchanger of claim1,
wherein helix angle ais |less than helix angle b.



4. The heat exchanger of claim1, wherein the helix
angle of the plurality of baffles decreases fromthe
wo bawod4ssset et to the fluid outlet. 5. The heat BPXDOS20gE044605
of claim1, wherein the helix angle of the plurality
of baffles increases fromthe fluid inlet to the fluid
outlet. 6. The heat exch&dgedBf claim 1, wherein a
Wh baf led'f,nterrredi ate the baffle proxinmate the inlet and
AIREPRTF | e proxinmate the outlet has a helix angle g

11 N4 edredtidingel@mptisaipgl es a and b. 7. The heat

exchanger of claim31, wherein helix angle a is |ess
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fluid inlet” therein; an tubeside outlet manifold
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smefief Rdadl Sx @ @NGOARRS 3| Rl thet hidigSangld16f Ed_&gélhrality of baffles
having a second fluid inlet and a second fluid outlet
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t i d £1 i d i | :
5t BT N URaREr e L b o, AR ke U B BRRA, P burnes

prigdeiget Erohhte SRidintket frd thedlvidhbedeti s di fferent than a

helix angle b of a baffle_ proxi mafte the sg_con fl#{d i
6outhecheat gacharpe ofedpimbkc WhHGHY 2 Sptflel afermec laWhtg? &pHle proximate

hel. | ' : ' le1a. - i li

ooh BB finl BRRuETORiNR AISLIRIR e ThRcHRac o
t hemgldsel and fangl e b. 12. The heat exchanger of claim9,

rein the heli ngle of th lurality,of baffl.es
7ot SR SRR b AHeFL el Sl i IS5 el anele B, and
13yhetbd MERtanglch @@Qf%irpﬂle(‘rhﬁ’%dmgm_ aMaat 8¢ b htsut B8P iaXd wherein
angle of the plurality of baffles increases fromthe

f I heligt aingled? is vGthit thefringedfrarnebeut. 157 o aboig4heat
50 RNy S B SR, PRI R IREHBLE o o
prsv_xt'brmblg Jskhe outl et has a helix angle g internediate
9h eIA Isil(ell and tube heat exchanger comprising:
an tubeside inlet manifold having a first fluid inlet therein;
an tubeside outlet manifold having a first fluid outlet therein;
a plurality of tubes extending between the manifolds and in fluid communication
therewith;
a shell extending between the manifolds and encompassing said tubes, the shell
having a second fluid inlet and a second fluid outlet therein;
a plurality of baffles mounted in the shell to guide the second fluid into a helical
flow pattern through the shell;
wherein a helix angle o of a baffle proximate the second fluid inlet is different
than a helix angle B of a baffle proximate the second fluid outlet.

10. The heat exchanger of claim 9, wherein helix angle f is less than helix angle a.
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angl es aand b. 15. The heat exchanger of claim9,

wherein helix angle a is less than helix angle b, and
wob@paiss2hel i x angle a is within the range fr oPCHDS2009/644605

to about 35 and wherein helix angle b is mﬁthin t he

range from about 15 to about 45. 16. The
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19gTherheat mxehangsr of claimi M, pvhergip o ragHet: TGN ity range from
C°£R$l§£ %%ﬁpggatlng the entrained liquid. 19. The
C

process of m 17, wherein the converting conprises
10 oAtpusdebnfyr ehehaaping dicatewitls o hiiged @ase fhid, hegresss afmprising:
clal 17, where helix angle.a is mnthln he ra

£ omIGHiR & BEe! Bt s ORI i e? SRRPr BN L Iedfl A O angntrained
Wi thin §hgqr#a98n f MR B LOh&ROschdmper, the heat exchanger

comprising:
a shell having a fluid inlet, and a fluid outlet;
a plurality of baffles mounted in the shell to guide the fluid into a helical
flow pattern through the shell;
converting the mixed phase fluid to essentially all vapor; and
indirectly exchanging heat between the mixed phase fluid and a heat exchange
medium,;
wherein a helix angle a of a baffle proximate the inlet maintains a velocity of the
mixed phase fluid greater than a terminal velocity of the entrained liquid or
solid; and
wherein a helix angle B of a baffle proximate the outlet is greater than helix
angle o of the baffle proximate the inlet.
18. The process of claim 17, wherein the converting comprises evaporating the
entrained liquid.
19. The process of claim 17, wherein the converting comprises combusting the entrained
solid.
20. The process of claim 17, wherein helix angle a is within the range from about 5° to

about 35° and wherein helix angle f is within the range from about 15° to about 45°.
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