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Disclosure 10 m ments disclosed herein relate generally to a heat exchanger. More

specifically, embodiments disclosed herein relate to a heat exchanger, such as a shell and tube heat

exchanger, coWfRidd bl BV IPy Bd2 43048/ FHEEE HEN BEkdgr s UK CEDADINEMerous
configurations for heat excharf§@FHry ARINBdrid BaddiblaABehyIof applications. One of the widely
used configurations, a shell and tube heat exchanger, as illustrated in Figure 1, includes a cylindrical

shell 10 housing a bundle of pa éll:ég S h@lg ﬁég n two end plates 14 so that a first
fluid 16 can pass through the piEl &a&%ﬁwﬁél g a@ﬁ@ 1$ ' flows in and through the space
between the two end plates so as to conreeigtd armagctdstis the pipes. To provide an improved heat

exchange n the fluids, the. flow path of the second fluid 18 is defined by iptermediate baffles
20 forming 1 tve phLCAE R HeR P CH o GRORTIS Sol A AOMREA A Ges e croction
in passing from oseepésdiyendationprxidiTinsdsaffien 2¢aiconfidure dxabasittresyshtia dicbular segments

as shown (partial geameniat Q@Jﬂﬁ@e@&cﬁ%ﬁﬂéﬂﬂ@%ﬂﬁ%&%&&ﬂé&%@tﬁﬂ%%tﬂll@ﬁ perpendicular to a
longitudinal axis 22 of the shell 10 to provide a zi%za flow 24 of the second fluid 18. 100031In this

arrangement, the second fluid has to sharpIyB&‘fE J&%he direction of its flow several times along the
length of thgpghe]l. This Kansesa tedigtiaivis the tynamibpessure bidhe sadonddltid and

non-unifor flow yelagly sseahthian n cAmbiaalan. pdYarasAflos s ertarmange of the hea

exchanger. For examgle, a perpendicular position o elative to the longitudinal axis of the

shell results in a retehAReRpinelfiesanchdnt earistelnriiées prodadred dplratiGondrstioname such baffle
arrangements proguyeeflavsibypassathiaughchatiestashall @adpipe itoshafile clraramioes; resulting in
Tow ekt So o ans NI imes g enoRle e
the space between the two end plates so as to come into contact with the pipes. To
provide an improved heat exchange between the two fluids, the ﬁov? path of the
second fluid 18 is defined by intermediate baffles 20 forming respective passages,
which are arranged so that the second fluid flow changes its direction in passing
from one passage to the next. The baffles 20, configured as either partial circular
segfnents as shown (partial segmental baffles), or as annular rings and discs, are
instalied perpendicular {o a longitudinal axis 22 of the shell 10 to provide a zigzag
flow 24 of the second fluid 18,
10603} In this arrangement, the second fluid has to sharply change the direction of
its flow several times along the length of the shell. This causes a reduction in the
KKKKKKK 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.

[6004] Pressure drop, flow distribution, and heat transfer efficiencies are important

variables, especially in the many industrial chemical processes where a vapor phase



variables, especially in the many industrial chemical processes where a vapor phase WO

2009/148822PCT/US2009/044605 reaction is desired between liquid phase feed and product streams.
20097148827 . FCI/USR00 0ad60
Example processes may include naphtha reforming, naphtha hydrotreating, diesel and kerosene

hydrotreating, light hydrocarbon isomerization and metathesis, and many other industrially important
processes. Such prestegsiss daredpheangemdiguis felesy Emtaid nerafestc iR eqBisMiAL, where the
heat required to vapeEzes theareastnateedpsirpamnisracqvaneriby aondeasationiakgadial condensation
of the reactor efflyent. Such heat transfe ipment has historically been arranged as conventional
horizontal shell anti(c?rf)uS %er%‘é’gq ngfa: ‘%égrﬁsfﬁ[qé%%%ﬂﬁe%%‘%é?&‘r% %arﬁlﬁndaeklls%ﬁég%&p%élcsitiqé%g(gggﬁomy of scale)
requires large volethetinstesirallyHpwowat preeseftantisipaerosetheii drnisel oinshsiesireglired to

transfer the heat afgielimitedamperaiusdifferantialse Howeupk-dug to.fogfone ygraplics issues,

i.e., two phase inlet flow, varying composition and molecular weight of the vapor and liquid phases,
and variable volurtf8tr& 8% gn%?cﬁ)?&‘g%lﬁé' o‘i%'@ PEEIRTh G h%oégeéﬁ%thoé’ef%h%eaﬁgﬁ ement of
conventional exchdfiget.shellgin benteradpérallsignokseries driswmgeaitheriscs problgmatic. Symmetrical
piping is an Unre'i@&l@eﬂ%‘éﬁﬁ%&%&ﬁ%‘f%ﬂéﬂﬂ@HQBQ}QE@W&%E&@ flow. As the vapor molecular weight

. v

can be much lower than the associated liquid, especially in rotreating services where the vapor is
largely com¥898d of hydrstsatingndiialtrstebutrpaAcHTsS a oty thel || §eat e rffdHAE aff@kchanger can
have a marked impaehendhRrasspataieth QoG LU ve andnahaseReibendy sHisnaeairdemperature

difference (VD) gf,{1e Beding, operetion, J00CITE congept ol vericalcambinedead  effluent heat
exchanger (VCFE) was developed to overcom .%Izlese raw%a(?&(s' by infegfa Ing large surfaces into a
single vertical shellyd&adissuisitaehaive Beerpbessidyiet] Bow metend pompisisrantsoAfdgsations, including:

i et e e i
sheliside OI|ng|nS|n e segment alrie desi n;tu eside paojlin sneliside condens gln elica
Pt deson o R PSRt A ST e R A Ui

exchangers are déserilsed pforl ek anmd shericnabaBePatanisioh 51882, F16¢618|588pand:6,827,138.

1000710n a theotgligalhasis,shellside E&iuagn&ﬁ Q) feduee the apauired syifags. as the

shellside boiling coefficient is enhanced by the reéﬁttive_ly ar%]er_volume_ of the shéallside_ due to mass
transport effects. é??fgﬁlm‘@Ch lower than the associated liquid, especially in hydrotreating

services where the vapor is largely composed of hydrogen, the maldistribution of
vapor with the Hguid entering an exchanger can have a marked impact on the
associated boiling curve and, consequently, the mean temperature difference (MTD)
of the boiling operation.

[6G06] The concept of vertical combined feed / effinent heat exchanger (VCFE) was
developed to overcome these drawbacks by integrating large surfaces into a single
vertical shell.  Such units have been deployved commercially in different
configurations, including: tubeside boiling / shellside condensing in single
segmental baffle design; tubeside condensing / shellside boiling in single segmental
baffle design; tubeside boiling / shellside condensing in helical baffle design;
tubeside condensing / shellside boiling in helical baffle design. Helically baffled
exchangers are described, for exampie, in U.S. Patent Nos. 5,832,991, 6,513,583,
and 6,827,138.

[0G67) 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



considerations must also be addressed, as the tubeside will normally be easier to clean. 100081 A
drawback of the shellside boiling arrangement is considered at partial load or turndown operation,
where the shellside velocities may not be sufficient to prevent phase separation and backflow of the

liquid fraction bagk dawm desthesinigt Rush-ouildun gt heavuliquid.factisnathightssidgnce time can

result in fouling. [0009]The main drawback of any tubeside boiling arrangement is that the vapor and
liquid fradfiBf must be’ed@niAEhsHfitietriiviea eR ot FRIEFRERY DF FHEHIEE PR BId&#d 6 maintain the

exp_ected poilingphéqsmtepisﬂﬁmim@a@mu big:! laiid midmmpmm amde@fesw&mpmmethod to
achieve this d'“&%%%’o?nhﬁ% %8&8%%%%@qi&@%%é&?%‘éf?@lﬁw%Eﬁéat%xié%.s,%@E%%i %5 heat

exchanger and baffle designs for effectively processing two-phase in ow in vertical units.

SUMMARY OF FaE Bigic ffes8orRER e 15| AaEs idisg 18 BTsitasplet of the present invention, there is

provided médqt exchangereamprisngkaphralityeidongitudinalyexiendingdubres.agiapied to
transport a first ﬁl}lgﬁg dflfow from afi%st quiq irAlet 0 éae éirst flyid utle(gigal_shell_.tﬂgo assing said tubes,

the shell having a Scohd id Ier and a Second flid Sttt Sht [ bcffﬁé) ity ot Batfied ﬂﬂ%eﬁnted in the

shell to guide a sevendafiuibeirspeattichioting ohapattertichioayh theesirallawiherpinsavhetik langle a of a

baffle proximate fhevinletis diffgrant thar heliviansle.Rtashafiigpreximate the outlet; and wherein
the heat exchanger does not include a central, axially extending structure to which the baffles are

mounted [{88%2]AccordiEPIE RS CORE £EFECcLorRE Bredttt fichamesh e e ilepfsvisdd shell and
tube heat exchatiieriedmpristagnartubgsicesidefl mmanifeldidsaving. a first fluid inlet therein; a tubeside

outlet manifold having a first fluid Quiigt ARRReNE: &RV Qi dvRes extending between the manifold

and in fluid communication therewith; a shell extending between the manifolds and encompassing said

tubes, thd*h&ll having Acsedbiedfuiid letard 4'sbeonesmriidimithbrainisaPptidaty ofBaffies

mounted in the shelhipguidethegacenehfityidiniaadaalicsl dowpattendhiapegh the.shealk wherein a

helix angle a of a baffle proximate t S Oéld fll ig inl?t is differe t'gharhaI helix angle 0 of a baffle

. 1rst uﬁi WIE‘OIE} a 5‘5 ?ﬁn 'mﬁ“l 0 a Iirst 1H outlet: a shell ncorP&) sm% seu?1 .

proximate the second tluid outlet; and wherein the heat exchanger tloes not include a‘cténtral, axially

extending structiestothehitlitherbafiescand Migdrn and a second fluid outlet: and a plurality of
baffles mounted in the shell to guide a second fluid into a helical flow pattern through the
shell; wherein a helix angle o of a baffle proximate the inlet is different than a helix angle
B of a baffle proximate the outlet, and wherein the heat exchanger does not include a
central, axially extending structure to which the baffles are mounted.

[0032] According to a second aspect of the present invention, there is provided a shell
and tube heat exchanger comprising: a tubeside inlet manifold having a first fluid inlet
therein; a tubeside outlet manifold baving a first fluid outlet therein; a plurality of tubes

. extending between the manifold 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 a of a
baffle proximate the second fluid inlet is different than a helix angle B of a baffle
proximate the second fluid outlet; and wherein the heat exchanger does not include a

central, axially extending structure {0 which the baffles are mounted.
[6613]



100131 [0014]Other aspects and advantages will be apparent from the following description and the
appended claims. BRIEF DESCRIPTION OF DRAWINGS [0015]Figure 1 is a diagrammatic view of
flow distribution in a conventional shell and tube heat exchanger. [0016]Figure 2 is a schematic

drawing gﬁmﬁrtlcal compineddeed i sflusat heatechanasr mith varakle heatkaffieangle according
to embodiments disclosed herein. DETAILED DESCRIPTION [0017]In one aspect, embodiments

herein relate geH@rﬁ?RF?SSQ F&%tse exchanger. More specifically, embodiments disclosed herein relate to
a heat exchanger, such as a shelirang REFCRERTEXE IGFNQBA BaNfiEFured to efficiently process

two-phas E if \ i h
-phase . Even mre.speciially, embodimeninidisdosed herein tslalee & aeh eyghanger

having baftles conflgure to rect a uid flow in a ellcal flow pattern, where a helix angle of
a baffle proximatetHsahtathangiferent than a helix angle of a baffle proximate the outlet.

[0016) Figure 2 is a schematic drawing of a vertical combined feed / effluent heat

exchanger with variable heat baffie angie according to embodiments disclosed herein.
DETAILED DESCRIPTION

[6017] In one aspect, embodiments herein relate generaliy to a heat exchanger. More
specifically, embodiments disclosed herein relate to a heat exchanger, such as a shell and
tube heat exchanger, configured to efficiently process two-phase flow. Even more
specifically, embodiments disclosed herein relate to a heat exchanger having baffles
configured to direct a shell side fluid flow in a helical flow pattern, where a helix angle of
a baffle proximate the inlet is different than a helix angle of a baffie proximate the outlet.

[GO18] 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 liguid-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



[0018] Heat exchangers having baffles with a varied helix angle according to embodiments disclosed
herein have b‘%%n (]:%fﬂdstz% be useful for shellside fluids undergoing a phase changg such as
evaporation, con ensa%on, combustion, and the like. For example, for a"gﬁgﬂfﬁ%{’ 4‘}ﬁ[f'ét flow, such as
a vaporizing liquid-vapor mixture, helix angles proximate to the inlet may be provided to maintain

sufficient fluid velooifgttpraviic plasess epdratgont df tive vgratierior the kguidnshainslodngle of baffles

proximate the she,lg}jiq%ﬁg.ligvj,rﬂgsg{g@yd]q%gw%@ ResitieRRegpendicular to the tubes, thus causing
the incominéggdense fluid to swirl at a high velocity. As the liquid \iggorizes due to heat transfer within

the exchand®P1fle helixAmterorR SBARISS (YARPEL TN EIRRERT e i AL YR ATdR%or baffles
closer to the shellsitigiveultatitpw visthdefandientexthange atdanerametopliies feidtie,lésstdense vapor

and a rlatvel log peasura g YIRHOn e Peahexqnanasnd A0LHS ecpiaig saparaton

(vapor-liquid, vapor-séiﬁl , etc.) iIsa function of the relative densities, particle and/or droplet size, and
the vapor phase v&fskitpd hemexsah geisd i gl s alasngsnespkire o Hiseasdhecagbritding to
embodiments disclosefiiberain ase Npd-sLhiast dor shellsidecphase sepRralion aktbergapme throughput
as would oceur for 8 heat exchanger naying & gonstant baffle angle. Acgordinghy lieat exchangers
having baffles witha varie Féhix anggfe accordblng 10 embodiments discliosed harem may be used at
significantly reducdiscthralidgirsin e Setnsedavoislimdgivrattiranbuckstypichiressoeiatetivwith vertical

heat exchangers gpgrating atRaiiakload Qf lndaun.aperatieg:. 1002Q04khe-helbeangle.used for the

baffles proximate the shellside inlet and outlet may depend on the type of operation. For example, for
a fluid mixture incRAHY20 4P SIAHE'A SEFBZing liquid or combusting solid, the helix angle of baffles
proximate thedzogt may beegreatenthamshiddnelix Bafite piohafilesthsokiiiade thieteutletudntthis manner,

the velocity of the.yo-fiase JNLIGPLRE MAINANSD.QIaRtarana AR YSlogl of the

entrained solid or liquid, thus avoiding phase separation. As the fluid vaporizes or the Solid combusts,
a lower helix angl¥ ¥Ry 358 GsBEPofizthiBIhsdrtBPbIE B Hifix B dighapratfubnligecrease along

the longitudinal lepgikuaithesheld: Aspbothenexamploe: faeanigat tadinaudinganaper to be
condensed within th& pe t %ﬁchag}glgrr, {ltleevlg (Ji)ftargﬁl% 9 b&ﬂf‘?’ prq;{@@gtgéhgg@gll&i&l& inlet may be
less than the helixognegle of baffles proximate fhe shellside du ?fe?,%us mcreyasmg the'Ve ocity of the
mixture during thegewitldhmingrepwrativnodDoR IR endieingst nod @ FigitelRsasehiagpttksdrawing of a

vertical combined dgady/igffluantheatiexshander: havingdhatfiesswithyadad helix.analgss,according to
embodiments disclosed hereain is illustrated. Hea%zxohan%er 30 m%&“%cl de atu esid%inlet manifold
a

32 having a fluid iff&t 34 3 &RSh “PORETEE I AFARIFIE S 2P afd SRR %S diSposed therein.
Heat exchanger 3@mgaydalsioléngtbidé thawhadbidésoumbétemanifold, 38ravinigt deftdichdudier 40 therein. A

plurality of tubes 42 may exiend-hetuaen;ths tkeside iglmapifald §§i§n$§é“8? pangold 38,

allowing for transport of a fluid from the inlet manifold 32 to outlet manifold 38 through tubes 42.

Figure 2 illustratePTRETRE behielfdscsifh e er s dhae ndeisanasvilafrnamBess wbes may
be used. [00221Shelk4Al eutendstbtweercishet tinddutiet sfidnrifoltls:323)38; ércomisassing

operation.

[6021] Referring now to Figure 2, a schematic drawing of a vertical combined feed /
effluent heat exchanger having baffles with varied helix angles according to
embodiments disclosed herein is illustrated. Heat exchanger 30 may include a
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 cutlet manifold 38 having a flmd 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



tubes 42, and includes a shellside fluid inlet 46 and a shellside fluid outlet 48. Located within shell 44
is a plurality of baffles 50. Baffles 50 may include, for example, helical baffles as described in U.S.
Patent Nos. 5832'981¥8513,583, and 6,827,138, the entire contents of SEATAEHYFe incorporated
herein by reference. Baffles 50 may include tube orifices (not shown) to allow tubes 42 to pass through
baffles 50, and to aitew4BafffesSRtolvetairstibesddf ifvaradtiignbaand desitetdandticrroBaffles 50 may

act to guide the s%ﬁ%ﬁ&ﬁ%@@g@&ggﬁlg@w&aﬂem through the shell. 100231Baffles 50 are
t

arranged within heat exchanger 30 such that baffles 50 proximate the shellside inlet 46 have a
different hel#%dle thars bt strptokitiae dpishswrk B rrsifrie el arrfemsriiabafiies may be
determined, for exabaple? byndimoslntding"sthaselixuiarmiaga twe-disrensienahiepiesentation of the
helical pattern. As;illustrated. in Eigure,2 for haffle 50a, the heli wgould then be determined as the
arctangent of the s Ogﬁ%%gdqgnfl e?g%féf mdﬁli@grc?kg{/' %?eb%?{?ceﬁ %plbgoaﬁ?%ainal"c’i?gté]h%‘ég?ra%érsed by a
baffle arc extendirfgz3edy. IhisahibeHls egdescrived 2 CtaRagniierd fiis b RS, 5%glendTherefore,

helix angle h is eqyab10 suCtan dife) cdRARSSrAsURataE. ReatRrahangRISsaguipped with helical
baffles 50 oriente%ggf(tic ly. Baﬁl?s 50 groxi ate shellside inlet 46 may have a helix angle a. Baffles
IISide

50 proximate shelSiHE oSt ASTHAYHEVE A HETR AR PP e S BRETS ot HEMERis A-A of shell
44. Thus, for exarpiBesdila arsiptriziley thedHph adetshretisidafee d2sireamabptedingdvik shllside inlet 46,

the baffles 50 proximats, theimie! sﬂfﬁrﬁg(f ARG LA JANNRINADR & dfie FIRSE iR RgrPendicular

with respect to axis A-A than baffles 50 proximate shellside outlet 48, having a helix angle where heat
exchange is expe&’é‘ﬂ‘% He fi‘ﬁ’zﬁgigas at a higher shellside volumetric flow, such as due to evaporation,
combustion @3} or heatiigeof 1hexshelsided whi byw: helikanglesa may thus saase Hwe two-phase
inlet flow to swirl ip,a,fcligalpath, af pryelagity syfficlent Jo.avoid,phase separation, Becayise the
shellside fluid is gas/gas proximate outlet 48, a helix angle %pgreatxer A hietix angele a'may be used,

WO 2009/148822FCr3S2bodyge o809 (fusThedidiinarisicriohrebatiss sunebdrépetancdvifere angle a is
used along the engitenigrRgly of:shelidd: fROHNsmMe: emkodinmasis.pafilesiiernegigte shellside

fluid inlet 46 and qutlet.48 may have a helix. angle y jnter, iate that of helix angles a, p. For example,
the helix angles o%ééﬁ?}epsa mg’f éﬁ‘ésérﬁé if<yni'n[1}c9 éés/g g°€§é§’f%§§%f et 8s 10848 ™8, depending

on the type of servicdeferyinebmtidnsirstpnasripdritingsletijunfother Embodidients; pirebhelix angles for

baffles 50 may undesgie.ene: oiMAe BIeREhaNIes 1020l AS meniredaRgyes heal gxchangers

having baffles with a varied helix angle according to embodiments disclosed herein may be useful
where two-phase fid flow is expected. Lower helix angles where two-phase flow is expected may
provide for a higher vapor phase velocity, averitigsiigtiside phase separation. The helix angles of

baffles proximate m@ﬁ%%&%'%ﬁ%@ﬁ?&ﬁo@%ﬁ% 1g1§ai_§% lye densiti 3 f the two phases,

particle or droplet size of the solids and/or liquids (related to the transport velocity of the particles or

droplets), t eed rafespsriatidsy srdnrsoRhitcadipardsvit hpisrinessy ofitntednellside fluid
and other variableg:asHoveatei30secskitad JnetRRi@itict 46 may have a helix angle a. Baffles

50 proximate shellside outlet 48 may have a helix angle B with respect to
longitudinal axis A-A of shell 44. Thus, for example, for a vaporizing two-phase
shellside feed stream entering via shellside inlet 46, the baffles 50 proximate the
inlet 46 are arranged at a low helix angle o, i.e., closer to perpendicular with respect
to axis A-A than baffies 50 proximate shellside outlet 48, having a helix angie B,
where heat exchange is expected to be gas/gas at a higher shellside volumetric flow,
such as due to evaporation, combustion, and / or heating of the shellside fluid. A
low helix angle o may thus cause the two-phase inlet flow to swirl in a helical path
at a velocity sufficient to avoid phase separation. Because the shellside fluid is

gas/gas proximate outlet 48, a helix angle B greater than helix angle ¢ may be used,



[0027]The vertical combined feed/effluent heat exchangers described herein may use baffles having
an approximate helix ansgle within the range from about 5 to 45, inclusive. Any combination of baffle
angles a, p ar%oyzgﬁgblﬁgseznt) which creates an appropriate helix angle rﬁgyﬂgz??g@@ﬁqsaccordance with
embodiments disclosed herein. [0028]For example, in some embodiments, helix angle a may be within
the range from abibus Setoladpint B weithiesdire derrythdnombetbeotE toiabodt @& thttretismbodiments;
and from about 5 f&g@q;{ttsggﬂ iguyet other embodiments. [0029] In other embodiments, baffle angle p
may be within the range from 15 to about 45'; within the range from about 25 to about 45 in other

embodiment®¥%Hd from'asene s bedimert-4sihey dtiemnedi amtstinide fud ol dpeareiichangers
according to embadimanisvdistlasesherein:maytincymaiagaoishnesused patlechallside:fluids having
two or more phases.. Advanta sly, heat ex ers according to embodi ts disclosed herein
may provide for a AL R S ey Co e S e
through the shell, Sticisresdinerm/ihe) tbafid Seithed sssnaipifsisiahgleepiiarestwis-phisetiisw is expected.

Additionally, use QflasardhalixensiasMinare: sitale Rhase finiers expectaddvry advaatageously
provide for a lower pressure drop than where a constant helix angle is used throughout the shell. Thus,

compared t6f&8%tional MSaPERITSAFRY il BErAReCRibr o REHERT Hlhxargisd HEEF exchangers
according to embeginentsidisglasestthdisimmaischaadtaimetw oxph s exditindl flbweavenpbisignificantly

reduced throughpiipleyels. iisacheniageeyot allowdng(or abraadeniniqughpupnde. 100311While

the disclosure includes a limited number of embodiments, those skilled in the art, having benefit of this

disclosure, will apPreHtE TRt SR r @b EHS Ry e B helsdr M s REt 8pdrErom the scope
of the present disglasumgRccArtifly, fheiscopershalddne bmitedmanlpdy thadtidaciegdclaims.

relative densities of the two phases, particie or droplet size of the solids and/or
liquids {related to the transport velocity of the particles or droplets), typical feed
rates, partial load or turndown feed rates, temperature rise of the shellside fluid and
other variables as known to those skilled in the art.

[6627] The vertical combined feed/effiuent heat exchangers described herein may
use baffles having an approximate helix angle within the range from about 5° to 45°,
inclusive. Any combination of baffle angles o, [ and v (if present) which creates an
appropriate helix angle may be used in accordance with embodiments disclosed
herein. _

[0028] For example, in some embodiments, helix angle o may be within the range
from about 3° to about 45°; within the range from about 5° to about 35° in other
embodiments; and from about 5° to about 25° in vet other embodiments.

[6629] In other embodiments, baffle angle B may be within the range from 15° to
about 45°; within the range from about 25° to about 45° in other embodiments; and
from about 35° to about 45° in yet other embodiments.

[06330] 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



CLAIMS What is claimed: 1. A heat exchanger comprising: a plurality of longitudinally extending
tubes adapted tgztg%plsgs%t a first fluid flow from a first fluid inlet to a firstpf(ljl%}d ogﬂtl%& ; a shell
encompassing 24 tu‘bes, the shell having a second fluid inlet and a sebond Huid B8t and a
plurality of baffles mounted in the shell to guide a second fluid into a helical flow pattern through the
shell;  whereinsnBelphandlevaiotrbaffiepyodinsttadhis inseisdifferelavibranesshslfiangle 3 of a
baffle proximate the oyfief. %@@nstmwt@fmgﬁthqm%&ﬁr@@%@ptﬁm@,%gmal, axially

extending structure to which the baffles are mounted, 2. The heat exchangT_r of Céﬁei 1, wherein helix
eli

angle 6 is less thafPRERMANHIY XA hBAT R PaAGer Bt &I TS e PEIR th ®8hgle of the
plurality of baffles dteriease adtomiihadlgidbislettorthéstinctd Uitstin 4nfhenkisatresetrghger of claim 1,

wherein a baffle injermgdiate the, baffla provimate, tag ilstanddhe baffle.praximalethgputlet has a
helix angle y intermediate helix angles a and’'R. 5. A shell and tube heat exchanger comprising:
allowing for a broader throughput range.

{6031} While the disclosure includes a limited number of embodiments, those
skilled in the art, having benefit of this disclosure, will appreciate that other
embodiments may be devised which do not depart from the scope of the present

disclosure. Accordingly, the scope should be limited only by the attached claims.



a tubeside inlet manifold having a first fluid inlet therein; a tubeside outlet manifold having a first fluid
outlet therein; a plurality of tubes extending between the manifold and in fluid communication
therewith; a shell extending between th '%l ifolds 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 a of a
baffle Qﬁogqn%e tgfasi%(]:ggd fluid inlet is different than a helix angle 6 of a baffle proximate the second
fluid outlet; an wherein the heat exchanger does not include a central, axially extending structure

to which the bﬁfﬂgg@égdmggegmﬁp;{ggdyeat exchanger of claim 5, wherein helix angle 13 is less
than helix anglerdiity b IBREHENFRADISE A GilinUB oy BRaife eohelbispasie aidhamiumlity of baffles
decreages{ramysnea flyichisied 19 fha fluid sutlet: 8. The heat exchanger of claim 5, wherein a baffle
intermediate theshafflenpemiiaatminedrietbad the katleHraxinat:thnowiled hastahelk angle y
intermeghiatshBeliapotrs: apad 13.
a plurality of baffles mounted in the shell to guide a second 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 proximate the outlet; and
wherein the heat exchanger does not include a central, axially extending structure
to which the baffles are mounted.

2, The heat exchanger of claim 1, wherein helix angle B is less than helix angle a.

3. The heat exchanger of claim 1, wherein the helix angle of the plurality of baffies
decreases from the fiuid inlet {o the fluid outiet.

4. The heat exchanger of claim 1, wherein a baffle intermediate the baffle proximate
the inlet and the baffle proximate the outlet has a helix angle v intermediate helix angles o
and 3. '

5, A shell and tube heat exchanger comprising:

a tubeside inlet manifold having a first fluid inlet therein,

a tubeside outlet manifold having a first fluid outlet therein;

a plurality of tubes extending between the manifold 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 therain;

a plurality of baffles mounted in the shell to guide the second fiuid 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 angie p of a baffle proximate the second fluid outlet; and

wherein the heat exchanger does not include a central, axially extending structure
to which the baffles are mounted.

6. The heat exchanger of claim 5, wherein helix angle 8 is less than helix angle a.

7. The heat exchanger of claim 5, wherein the helix angle of the plurality of baffles
decreases from the fiuid inlet to the fluid outiet.

8. The heat exchanger of claim 5, wherein a baffle intermediate the baffle proximate
the inlet and the baffle proximate the outlet has a helix angle y intermediate helix angles a
and B.



