HEAT TRANSFER BAFFLE SYSTEM AND USES THEREOF RELATED APPLI CATIONS This
application clains priority to U S. Ser. No. 61/240,029 fil ed Septenber 4,
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utilized to manufacture chem cal agents, particularly biopharmaceuticals.
BACKGROUND | NFORVATI ON 10Thi s di scl osure rel ates to equi pnent having
reacti on vessels used to manufacture chemcal and / or biological products
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are not internal, e.qg., part of a baffle, but instead consist of ltiple
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a Sysltnetme grft f(t)ruipn%rpv%éfhlegtscoﬁggics%rgtems that also incorporates the use of sanitary matenal

surfaces, such as that provided herein.

20 Previously available systems are described in several U.S. and foreign patents. For
instance, U.S. Pat. No. 2,973,944 (Etter, et al.) describes a system of “individual coil units” that
each contain a group of tubes that serve as heat transfer elements in a reaction vessel. The units
are indirectly affixed to the inner part of the vessel using bracing members located at the top,
bottom, and / or throughout the length of each unit. The ‘944 patent points out that an advantage

25  of such indirect attachment is that the expansion and contraction units during will not damage
the reactor shell. The units described by the ‘944 patent are not internal, e.g., part of a baffle, but
instead consist of multiple tubes fully exposed to the reaction vessel. Another tube-based system
is described in U.S. Pat. No. 3,986,934 (Muller, H.) which provides a baffle including multiple
tubes, the baffle being positioned substantially in the center of the reaction vessel. The

30 fermentation media is circulated through the baffle such that is contacts the tubes containing the
heat transfer media to optimize contact between the reaction components and the heat transfer

media. And U.S. Pat. No. 4,670,397 (Wegner, et al.) discloses a system of tube baffles spaced



approximately evenly around the fernentor circunference. The baffles that

are positioned apart fromthe fernentor wall, thereby providing a space
bet ween twe 2outmesg97shel | of the fernmentor and the baffl eecTSSN108a1763 NO.
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described herein include a baffle described that solves these problems. As described below, the
baffle typically has distribution channels through which heat transfer media is circulated and one
20  or more relief channels through which heat transfer media is not circulated, which may also
function as a vent for the distribution channels. This construction provides exceptional structural
integrity. The baffle is also typically affixed to the reaction vessel such that substantially no
seams appear between the baffle and the vessel, thereby providing a surface suitable to
sanitization.
25
SUMMARY OF THE DISCLOSURE

Provided herein are heat transfer systems that efficiently transfer heat, withstand the
hydraulic forces encountered within a reaction vessel, and may be simply and efficiently
sanitized. The heat transfer baffle described herein may be incorporated into heat transfer

30  systems to solve these problems. In certain embodiments, the baffle has at least one internal
channel and at least two external channels. Typically, heat transfer media is circulated through
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the distribution channels but not the one or nore relief channels, which
may al so function as a vent(s) for the distribution channels. The
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15  Figure 6. Side-view of exemplary heat transfer baffle.
Figure 7. Front-view of exemplary heat transfer baffle.
Figure 8. Results from heat transfer experiment #1.

Figure 9. Results from heat transfer experiment #2.

20 DETAILED DESCRIPTION
Described herein are heat transfers systems for use in a reaction vessel. Exemplary
reaction vessels may take the form of a chamber, fermentor, bioreactor, or the like, and / or those
typically used in chemical reactions, fermentation of microbial organisms, and / or the
cultivation of cells (e.g., mémmalian, insect or plant-based). A common problem associated
25  with the use of such reaction vessels is temperature control. The reactions are many times
extremely exothermic or endothermic, and extreme changes in temperature may affect chemical
reactions, cell growth, and the like. The systems described herein provide a robust and novel
solution to such problems, such that the temperature within a reaction vessel may be precisely
‘controlled. The heat transfer systems described herein efficiently transfer heat, withstand the
30  hydraulic forces encountered within a reaction vessel, and may be simply and efficiently

sanitized.



sanitized. The heat transfer systens described herein typically
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10saniti zation, as defined bel ow A surface may be consi dered
sanitized if it is considered "clean" by one of skill in the art. A surface
may be coweidewmsv7sanitized if it is "sanitary" as defi meu/usgoinioa77ésreri can
Soci ety of Mechani cal Engineers (ASME) with respect to bioprocessing

equi pnent, such as "pertaining to equi pment and piping systens that by
design, materials of construction, and operation provide 15 for the

mai nt enance of cleanliness so that the products produced by these systens
wi Il not adversely affect human or animal health.” A surface may al so be
consi dered sanitized when it is free fromm croorganisms including but not
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The distribution channels are typically formed by adjoining at least two materials to one
aeqther such that one or more channels are formed between those materials. It through these
channels that heat transfer media is circulated. The channels may be of any form as long as

~sufficient heat transfer surface area is provided thereby. For instance, the channels may be
30  straight, serpentine, “zig-zag”, etc. A channel may also be regular or irregular, as may be found
in a dimple jacket material. The distribution channels may also be formed from a single material
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posi tioned conpletely or partially against the interior wall of the vessel,
or t hesstyelflfes @rqpadioised rragnenenothest gl digiribyipnadenaakio(e g @t Withigesarh §40-t he
Vesse!assermgr) dn %%993?1%?’ clﬁkﬁé?@g%&ém%ebs%b %Q&%Héé) R&GpiPAN fofthddYwiRHin a
conplet y 1n |rect using a fourth materital (e.g.; via one or nore
af‘ztamhu’reheatammiér)baﬁks Hsssubiasesthblibp ey boadiomedy imensqmotier bhanyssutblis
describ erein e ef f S Z 0
At t acWﬁiﬂ? re‘i’oér 3 eldr lit hgﬁ‘%s“ig \wé%gﬂ%oar% %/elrigﬁ Sa% Ifggﬂuggﬁé%l %ldg 1’ﬁ ﬁ‘g‘]él})rl"pose.
For i pwticiteB, ustfakbatdilsee mmahuids lna:rysalwage dsefuadfumnwd\ce ah¢ mb assrd:mlaesembl i es by
any suitable nethod and then a ed t tion.vesse sur ace usi ng
tho stadumeainns SonRd e oHaed it arsuprerRE et 1E KERRE N hrs ney
be adinglengidist ©pitd1B e aghinghicatRaselth &Ucﬂf auteassetably, h&lre&ytaﬂﬁhmd;; ) thee &iite
subassenbl jes. The baffle y.al so be aILache@ to the rgaﬁtion vggsel y
FoY essaslies uepecnegier hEhelg%g*Baﬁfftr'é meriaL bpirali deranesds FEMeFESERE. A
conbi paLE Gk, ahdi‘ﬁ’dcbﬁﬁﬁ;,lﬁln%ﬁﬁ@HﬁﬁitedJa%ld@Qredf or exanple, attachment arms, and
direct attachment the baffle directly to the reaction

vessel ) navﬁedresbtrvefea%?fﬂezew a'vercarlﬂ@serasﬁﬁt pateripkioingd |t agssend matgtidod of

at t aClIR i Bk erx?or@ﬁgﬁﬁnﬁﬁpéhapﬁgls mtf@{r\'e@lwlﬁﬂpr‘ﬁhgﬁesa@i%cf iocéngl'm:r MRkRLl al for
the deposition of a strong, ground or polished weld bead at the

j oi nt usifEhe clogererbappr dfe likse /é%)mheﬂ@dlea‘s‘sm paffle would é‘arq thexistripgtoRani cal | y
PoL L SOBANASoR bolLige bf g)glvﬂesgr?éjth@%elﬂe? hAREI etoﬁ]epgrggu%e BafMRhl Y.
surface {S9r'h enbodi nent's, such as e Jacket material is
used alsd beé mﬁstmctammls s&iwf)blnaasels ekrerifyato lone or b@tbldnsmbusntr agharwalspdsi wrlons t he

usual fficult-to-cl.ean rials on t of the
sub- alb B keI ST HeicE o hnf ki Rt S s et Blels g

pol i Shheyi,be BBtwebe 1RAt @fﬂdﬁd’ouﬁﬂmg e daubbuamedhbrhrgels | This bied tansfenbafﬂe mengt , the
space t wee he, di ack t, 25, terial and a ort rial form
*he® dinet Bt B esHobarmron veSpLreds e bpBRuh e B0 Rt PhBT andes St ol o

j agkebr trr?steembahmfeafsrmaytmse@i bkrecfoaBthce, Suehoslessdivhi @atlshi isafacpragadl des a
heat transfer systemw th a sanitary structure that provides the desired
heat tSFeN&Eer capabilities while also fulfilling the need for a
structurally robust nechani cal conponentg(e.g., anti-swirl baffle) within a
reaction vessel (e.g., during an agitated process). 30The heat transfer
systemal so typically includes an inlet and outlet header used to transfer



heat transfer nedia into and out of the baffle. The inlet header is
typically in communication wth an inlet pipe through which heat transfer
medi a fl ome 20ryaasg7me di stri buti on channel s of the baffl eCand2elos4y6s | et
header is typically in comunication with an outlet pipe through which heat
transfer nedia flows out of the distribution channels of the baffle. The
relief channel (s) of the baffle are typically not in comrunication with
either the inlet or outlet headers. The inlet and 5 outl et headers

di stribute and collect heat transfer nedia flow to and from respectively,
the heat transfer sub-assenblies, provide uniformdistribution of the heat
transfer nma@ilkkafeaess Halite %ntybi’celly\:iadidhed)io tiierepaioal vesel) préferablyi @ethk! ow
short-circuits, there&: maxi m zing th ectiveness of the angL surface.

In t histesipenall Breregf| AuHESFROAIRROYR, 8B M W vatfupRRE may Re ytedthal REFVES fredi a
W' ' ! Qf%stwg.luga..ba{me{semmni b6 (ehbe §¥e’i¥1ﬂ?€§b ?]Jlﬁto&%uﬁdb‘?y BErwBH fhatepihispf hol es
connect the relief 10 channel t he tank exterlor in the event
of a Tesakafflp maydbes etfachrs disgetly Harfhfe|reacv<rre‘/¢5éqh pireGlynysing anotisr pigcaefa
reser x\hﬁfehalf or b&tn%lrg&@ta?latlﬁdl% 1§. hQ‘hg'tﬁﬁ]‘é' 5%sﬁﬁﬁw%mﬁl&emf%ar@aﬂ an exit
route fromthe reaction vesse or -.those contents ., via the relief hole
to thagatranlheemmn\mﬂ) of thtv@essell et tharbdffteLner et IMEaneaosua%hwomctfthbmtcrmred from
any SUI I ri u I v AP e shape,
term el B TEREE nbr {nfiis, aBadtienl Wl e Ritobyigieq oAl MPCARC©, 2
nediamsuam&wgagdfduﬁnhaagﬂ(@gphagnobrmhe my&hmmnaﬁhe)iAhdumhbaﬂ&mvcs
typi cal | oSiti ed on t he ut et he
react ?%?ngl‘\)'g'g@'é’l? ButYIHE ?ﬁ%frgqedﬁ}?éed'e ty&’ RY e"he“aﬁob i {j }(li\'nsc?ﬁ’tfzh(i baffl e
ab@VeAtthﬁgﬁ Fm olﬂﬁﬁedﬁke :nﬁaydﬁé bg@dulaﬁﬁﬁﬁeﬁdﬂ fog | tis minﬁff sef ltm;e ihdidiee, h}eader |h s
positioned bel ow the qutl et header eat transfer ui.d noves fromthe
|owerar&ahme'ttaaﬁswey&saélpmsgm theé"lgassela fes DTG 'f"EFFh‘{dt?&dgéFPfafi@”‘eg\here the
i nl et hgadescnbs R8T 5iPRe disirdPBY Ssaln@Cor28n@Uidigble NBARKS. . AiRfatieal, meansfer
medi um noves fromthe upper part to the |ower part (e.g., t op- t obott om) of
t he batfachiaent PRas may & agdipinedue| the reseteievessel ppifacqlang th@qmdﬁ'eedotﬁéhwumbr e
sl ot Sagsanﬁnl}g bal bdm m%%is'o%le a%ch%a?o 1hu@@dfchanv§§a o thendieadadingd the
exterior chanbers o ese slots are p05|t|oned
sugh biffle dir¢cdhw to titecrezotidn gesselofA chabipatidnl @f indirecegjtachment using, fepexampler sel y

ffected t h b d). Th
201 UM 4 o, SLRMrkR, RO8, B YRSERECINE APl bokibhed) . The
wal | ¢@sq) may aisot beeutilizde) Weldfngoin avpardiculartyhesefid aottbod wpéssmhmehtoas teanpl e.

QG her sujtable arra enent ransfer ainto a out of

t he b%\‘f‘F|"8§"r‘r‘ﬁ§/"‘aﬁe§§ vidss; Sf‘gfgﬁ“’é“ "agef\%o{%r a‘eb‘%l’?ﬁh‘b"é‘r agsg’d’“%ygf?‘ﬁké‘ "@uql | ed

g-l’ ti sanpolished \\lreld el aedrt joﬁm VQ‘EiS th(;:ﬂ&y of ali@ec@ﬁp'letedldsﬁehﬂﬁy Eon%pnmllys haple)

“but is typica vertic i nder so be horizonta
BH0. bierinaisihapdiishist sidins koo @gUIes o aPRPp A oo roR ek PRy AR HE | mac)

vel | edriat@ntoRAfdntsQ Buch @S $ftlen dithisle Rrkét iiferiR)s BES Rithm thoslbatsemelial teny 8
suitable angle relative to the inner wall of the reaction vessel (e.g., 60"

r el at bagk-te-backnerientien peyitions) the uselly (diffiguliyeeclean dimple Bekaydnatgrialy omthe A
Z lr“t ;[ ggl:glé?ltogggrég sUPB¥s 12 Bn PG lsﬁp@“%at%‘}"\% i8fis %‘Il?%ﬂ@&h B¥d bognskich! ed

appropriate 1n order to or sufficient to attenuate the forces
(e. g. theleydriendfithe ﬂtbr"@m)bl)enbmmh en embmym@methbapffqeehetweemhﬁ divepl¢ syashkstnot i on

( §s9. {epl\lallr{do Q% I?tdn{atepﬁl oﬁ-TsmerJhstp;Bﬁt anéhag{lelg ha%d ?Jt'& E&: the

resul I'ng fronlt agltatlon ani cal dr ot eof. A
suit ajmlxapemg ldenpls jackee nfaeaital foomb chepeléaf ehdnnelarfmglea tmﬂgueltlbabfdva&s fithean t he

1‘59r Ci%ﬁ{s q gys enégltfx aggnn%r&%n%g%ahw%gﬁgsa %gﬁs?‘rggéﬁeﬁ tfélBS. erucggabllfn% w%);%rml €
85, oals&ﬂﬂnmmg aﬁd M.edtf@r & siriivdurally) eobuskt ieéchadicAlebimpoient (reg.yassebiridsaflid)e r ad| us
of the, vessel [§ t he,reaction %fssel contains a nechanism (e.g.,
within a reacnon vesse (e.g., during an agitated process).
30 The heat transfer system also typically includes an inlet and outlet header used to transfer
heat transfer media into and out of the baffle. The inlet header is typically in communication
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10 nmechani cal or other nmechanisn) for agitating or mxing a reaction, such
as a set of rotating blades or the like (e.g., an axial flow or radial flow
i npel | er)wotzhe/dasd7il es are affixed to or protrude from Pha/tsamensiwad | such
that the nmechani smand the baffles are not in contact with one another. For
i nstance, where a device or devices for mixing the reaction conponents is

| ocated at the bottom center of the vessel, the baffles may be installed
above the highest point of said 15 neans. \Were nultiple nechani cal

mechani snms are utilized, the baffles are typically configured to avoid

t hose nechani snms. For instance, where the nmechani smincludes one or nore
sets Qfih aPiAdtiphe dicagde svhichiiRab@dnkfee pelliarfhywskiftons distridogeh eiaanegs obikow;

bet ween or al ongsi de the bl ades. The baffle design will ensur ﬁ uate

o ear BMBRATnPitlse heAdena RISAITY HRBIRFUSHEO Wit 2 9B st PiRsrinioush which Ao

surf a&ﬁsfeﬁﬂf@dfahﬁfxﬁf&'i 8f (R idMtTRRh cAfttheRiof thedbariieatThd feliBsERhnel@Pobmef | es,

required will vary depending on the type of reaction or reaction vessel.
The abasfinarertyricallyewt imgeryauniedtion | vatherithps the idetsqe; qutleigheaders.s Ihe uﬂ?tr?@dt he

avai | af.e hélﬁ‘%lj;’ (aﬁ?hbbu'?é? {EECNIE& '?:gzq tgugg’%remedlg ﬂ@@’ t@gha #ord szE@c@n%lg Nthe hBR

dimensions o termned at least I'n part by the type of
mec hamarsfer bei- arsgernbjed ;fro\rldeagnfcmm dastribution of Herhesti tranafer owdia aciges Wik gRISI ons of

the gﬁgdféﬂ S Yangl brf AL ERALR ol M2 heRby ré{agm gggye%?fe&ﬂ;ﬁ%hof ar

IS BPRaPSn th o affle,
t hat pamel imfac@Oli theneveht dfhe Idakafif ltiee enxﬁruembm@ahnejnhetaheranse’acmecbm wkdeel wal |

o 1/ el tmesd fomtne oy e SRR EnERL P B 15 e MBIk CRRIbore Fliover it

i $0 t OcHagndiRY QG the thnk Nxteriof. Nad tiay &vangeNeE Ndak lﬁ&ydléthSOtld)EdQUhél,afhle aelief
Suitabl e heat transfer nedi a include a€d ar% not limted to fluids.and

gasesShanpglishproxidg@ reseryaisfon e pateats qfieg digieibutiep ‘éﬂaﬁneﬁé‘f MOV ac"&d’“teé”st eam

(top tQtedrint Ql'gjreach&t vé@opmbﬁ &Vﬂ{eﬁfs (e g! Via e reRGHo1e tb ARSEA! ex@rloB). The
refrigerants, or other npab e fluid having a desired operational

t enpemigt andcoglet headgrs mayt be| 9braqd§d qum aMmpsuitable mpsesiakif.¢.i PPY it fgeRulgioTheat
t ransgtﬁér %Eﬁgdp%at%%gpé h?r]fmnaftﬂge}.t PeR hB& hHYPBe (]&néﬂ‘?@d fhel RaflirhRgded to

one reaction ves anot her typeo nedia is directed to a
diff emem sepphypandfdischarge pipoty Qfmhmystsm The igjet headerjintypisallyzpasitioned en ti

d hgat
aF:gr%agﬁ%(?gl ra@%e oul\{lge(ff&gabfvﬁ}ggt @%crﬁﬁec!&%{?%gs% ]f :@gé& "gertq?'eg%ﬁ%gr}{r?gh%gﬁe;nga %lhat
at | easimhuvbomﬁteerafﬂ:l aboed the botictddaden Ciibdasirgh oAdverdingly, awlmntbﬂneamieti laslatic,rt

t The vario art escri ed. to one
Bt nroesigprey by MRl bbbl CERRR N ERmae o &P P Se AR R i o

proceggper phre (@I b&tdﬂiu&ivtobﬁﬂﬁthl tafflaac vddret e diler lwaddrhiepositiciedgbueethemeani ng
that the gq ints of attachnent (e. boundari es be% ween the parts
a

IRt BilenBREe B et TE R Rt TPIha bpper g iohe Rk R (eckr (AP n e he

react pQRmYTIRY baHE thetiMer AR SRRt AéadbRypieAS! REuIOBHt MofensidespaRse to
the action of the agitator mechanismin-addition to the ressures created

f r om bafBe meteriak atdhes jusptionesiueen| thivheanreandethe piteniar dhawbers 6F Preddiiteletthe
equi pP&PE). IARES §19§Qre}1ﬁdsﬁfoﬂthl?ﬁatW0\\zt R @'t Of the baffle is regulated but not

adversely affected thereby (e.g., flow to and from the baffle is not restricted). The headers may

25 come iﬁto contact with the baffle through the reactor vessel wall (e.g, from the side) or from

within the reactor vessel, for example. Other suitable arrangements for moving heat transfer

media into and out of the baffles may also be suitable, as would be understood by the skilled
artisan.

The reaction vessel may take any suitable form or shape, but is typically a vertical

30 cylinder (e.g., it may also be horizontal). The baffles may protrude at regular or irregular

intervals from the inner wall of the reaction vessel. The baffles may also be installed at any
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di fferent conposition. The systens described herein are typically but not
necessarily 15constructed froma corrosion-resistant alloy (e.g., netal).
For inst amoepiizsd7abl e material s may include, w thout | iPairtuske10/047763

di npl e-j acket material and / or sheet / plate stock. Suitable materials

i nclude, for exanple, carbon steel, stainless steel (e.g., 304, 304L, 316,
316L, 317, 317L, AL6XN), alum num Inconell') (e.g., Inconel 625, Chronin
625, Altenp 625, Haynes 625, Nickelvac 625 and Nicrofer 6020), |ncol oy,
Hastelloy (e.g., A B, 82, B3, Bl142T, Hybrid-BC 1, 20 C, C4, C22, C22HS,
C2000, €263, C276, D, G X, G3, &30, &GO, HOM N, R235, S. W X), and
Monetsyitablé k@8 rdlifiveGaREHher walD of BIFDB&LLOH Redsel (elgl, 608 reladler B iR thierftovnever ,
that other materials besides or in addition to a corrosmn reS|stant al | oy
such wall, IUtrelgientuthe radivg,aFigod). f suitadle anglpBwy beai 2pgls that e¥ould beuch

mat ert!m%lel%to%xﬁﬁiess‘ﬂuﬁﬁ arthhd ﬁabcleeagpl%gng?e X SHagr toQ)fr sﬁmE@ﬁﬂ BlafediB¥ th&fdfdest O

ei ther an act m xture per s forma conbined material or the use of
var i olgs. d3draphict ©rdes) encountarechby the baffles easvlfing fom metioal (Fay retetipnebindgiesl | and

rubb s“.Hﬁ}tono )§Pm@s§\t§}mnﬁsgs%” fwonn he gngw& gd nt;@%w.ea@or bab&rLsd to

above sul desc dve nmay be prepared such

t hat mhammehsslanablefanghed (tnlartbaIQWOWilmévehtedamageansiﬁerbafﬂedlfwmrﬂye fvaces

di str| one art,l b b bl mat eri al

t hat "‘l?eﬁﬂgé‘éfhl‘ﬂm{oﬂe Sggﬁ'? ?eé %ﬁnfﬂréxﬂ ket l??ett gr |2§I’% 3 Ig 'j acket s

are typj £1) by, psrseal lesl 7at, Glshckorem‘:tmm"vesﬁ\elts esttiehthasntédarniedil af then t anks

and nmay be used as rt of k@g ansfer system Di rrF acket mat eri al
S

may b¥SHFSQH g rads Gﬁec@ése e i"ﬁet € HAClPh VFssel: Fret ?'Hgﬁl(Sﬁ e.g.,

W@EPPSechanieansd dune 1ﬁ@ﬁ§1§|§rﬁﬁfd{€a§ﬁ@ting, drnnﬁerot@mce@rbcsdtmwa sexdersmaulagd
herein, dinple jacket material may be also or alternatively used wthin the

baf f | Wadss ricdheidike (Eepman éxjakdlowt owfi@ﬂ iflapvsimpederd.otbaeatiies arg affixsr 1\are, and

any Oérot?\'.rtferhm‘l@rlﬁ@ejr %vaﬂ%ﬁclplﬁalstHé B@Maﬁ:sﬁ10c{ndlﬂl$eebz@§escﬂr§%tq\$ 86hthte Rth oh¥pi cal | y,
dinple 5 jacket materials have a substantially uniformpattern of dinple

(e. g. gnothepr Egrshomse, Whade adariroasdevipes fs arixiog theotepgsipnicamporenisas éavateftat er | al

(e g. tﬁe §(QF6 Gf ok r@?géciegf%tﬂg lrbggi>7§| ngtbeqﬁsttzﬁfe?%-iﬁ\fe,n@l}{ h&%a%fgagﬁwtwgﬂﬂm cally

( rrec anl ca [ation resi st ance
spot  mednsli Mgwe(d?iSprl,e rieghargoah metlganisis amu;paeda thee rafildsand ypicaldy mmlﬁeuwét erial,

a sheet of taI st ant uni.f of di ressed
i nto, t°v&¥8\“ 85& ecg?wﬁﬁ“g ﬂi} E%CF’yW %ﬁt‘%/ﬁ THSChSR' ’%Cl ?ééronﬁocfr n,qgre%gts qfded to
the prtging bmﬂésakhethlfﬂnagmﬁw& pxshtoeéd hmive bekrw,lbafdr@h&d alaswah tiplbéademt eri al
IS ty |cal made reslstanccj r? e g ng an alrrae( spots on a thin
sheet desigp gvi e’hstb‘Feead§ﬂ|‘B‘§et FArange flom the mechanicplips ’B'E%'B ‘material (e.g.,
netal ). Thﬁ\ee%eﬁt Of heah@areRRiTRe, St BEde e Meguanal Al by seidi ngsand t he
interior is inflated under high Fressure until the thin material forns a

pad t ebatfless requpipsl well varsdsasnding ontlspyee plateastion) & redghian vesel dke pmewdt s,

t yp' C@ lluyedhﬁy\ﬁbg‘bg&llﬂéd Bf/ ‘RS Wiffed ﬁl%ﬁ%l@We anWlaBQ ADHSIsat Bs RleRESHeEE dr op,
whi | SW dinipl e jackets typically exhibit noderate pressure ratings and a

hi gh ab@vmmelr agiatedrreassion, eheqﬂwnanmsnérth%lmffﬂemmeb@dﬁmmnwa*ttéqaﬁtazwdaﬂ)é

avai | mg pe o?mtet&s)a%%n%elégqﬁ]h fdrhaldfondih oa\@,d?.mm éﬂg ntsa%p; m‘hg affige as
descri her el n. e regctl on vesse may t ake orm O a reaction
chanbwey bé dewemned by ieosizaacf the reation lyesstli kigor i?mencveismse kylirgiricali teadtion f or

C%E m \(/:eas‘sel " c(i;eplth S¥the {)zﬁﬁg‘?ﬁz;[t ?‘st tlhgtnpo%fionngf%eoot%w ex%n%ﬁﬁ%i fPITY the reaction vessel

wall toward the interior of the vessel may be estimated to comprise roughly 1/6 to 1/12 (e.g., 1/8,

1/10) the diameter of the reaction chamber. However, it is to be understood that other
arrangemems may also be suitable.

Suitable heat transfer media include and are not limited to fluids and gases. Suitable

30  fluids and gases include and are not limited to steam (top to bottom), hot and cold water, glycol,

heat transfer oils, refrigerants, or other pumpable fluid having a desired operational temperature
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20 .cultivation of cells (e.g., mammlian, insect or plant-based), or other
uses. The reaction vessel and associated heat transfer system may therefore
be used iwoaonweiwd for controlling the tenperature of &CThEsaIoal7763
pharmaceutical or biological process in a vessel conprising an internal
reacti on chanber conprising at |east one of the heat transfer assenbly
descri bed herein. The process includes distributing a heat transfer nedium
t hrough the heat transfer distribution 25 channel of the at | east one heat
transfer assenbly such that heat resulting fromor required by the process
is transferred fromor to the reaction vessel by the heat transfer nedium

t her efyd AIRHIOGDoRibIadisRAnUIERAE 1fPe® BT Wat frghsteheheRAGEN BB, Y@ Shgtdnce,@nber
SU|tabIe applications of the systens described herein be known to one

of skiYPf of Hedipes difegted to one area of theespeiisyessslandanpthgl WPﬁ\é\P‘E‘ﬁ‘@afse‘Hﬁéﬁeét ure of

a pr OE)Qiséffér@maarJaQﬁ%é x@&n‘éﬁ%&kl q@{, Gk 'inpt‘HL %daﬂ%s?&% L& GbelrB8H%) & Mi ek um

t hrough the distribution channe the at | east one heat transfer baffle

deschﬁEdt th’@lsfe!‘ medip &2 X80 plyeal) ﬂ@ﬂalsqh‘édﬁﬁfﬁ@mods may be used in, for

ex rrpl e ?ﬁ'a?t@!:he&'l “aﬁfxgﬁ f n@ﬁﬁmgﬂﬁﬂasm%éaal@arpbﬁcﬁg' cal

process or 0 process og ca processes nay b or exanple

m cr ot cmle(agmthalm @ubbsﬂzﬂﬂallyramhtramameérl Thelvaneus papé describa) Hergumaybe, or t he
Qductlon

of o Bond T TR RBomEr Hfe 8 5tRR rsl P A S Rl B o

t r anspeest.| Thél partit M@ust h&nheaﬂa&é@.&s&ﬁ anbehkf d@ringbuse hhéumg’@, thfitahe @mam:dfe t he

i nl et he der which is.in co nlcat on with sour r servoj r of heat
t r ansfC 'T’T‘lﬁl“éﬁ ‘éldf“é‘f'?pé’r"%f peive +ﬁ§aWeﬂPSt?’F£ﬁtﬁf t8rw‘g]s[?i"§ thes h%c{/ﬁl'éal |y
hi@hefor@% entMterdd) ithinhthel @AGION Alcsded daé 1 M GRAbE R IhOfreaés Bhten@eipendi ng
on whether the tenperature of the contentg of the vessel are to bc?

i ncr eEESRASHIC '(&é@?'é%{‘s‘éfd e laé‘éaé‘éfc‘i“F‘\'}‘éP‘ﬁm i pdditienfruthgnigsaurss crepied flom Mer anst er
flui dy oY RE: dllidSsd as necessary in order to achieve the desired
tenperature of the vessel 10 contents. The fluid is ty EI cally circul ated
t hr ough t Hehehmaierials asedlf tlorpridifcs tee eqvdpresal describechbgyhin Mt beRhmsi Bmetdie out | et
heade r [y GRAN M) 7R Cndeebrily

re-ci ?'g%% |Cg§115) ?”gugﬁ flng%n{ ﬁegmb'?ﬁ:%tréelﬁgaergatygfregl )’o t he vescgelncont ents
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30  dimple jacket material. Dimple jackets are typically installed around reaction vessels such as
fermentation tanks and may be used as part of a heat transfer system. Dimple jacket material
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30provides significant advantages in that the heat transfer system nmay be
efficiently cleaned and / or sanitized, preferably |eaving no residue at
t he j oi ntwo0 2011/02897The baffl es nay al so be constructed s®ech/ushab/ oheas
transfer nmedia is circulated within one or nore conpartnents or zones of
the baffle and therefore the reaction vessel. For instance, as shown in
Fig. 1B, the baffles nay be separated from one another by partition 8 to
form i ndependent intra-baffle conpartnents such that heat transfer nedia
may be circulated through 5 each conpartnent. The heat transfer nedia may
be circul ated through each conpartnent either in series or independently
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: temperature of a chemlcal pharmaceutical or biological process in a vessel comprising an
internal reaction chamber comprising at least one of the heat transfer assembly described herein.
The process includes distributing a heat transfer medium through the heat transfer distribution
25  channel of the at least one heat transfer assembly such that heat resulting from or required by the
process is transferred from or to the reaction vessel by the heat transfer medium, thereby
removing or adding heat from or to the reaction vessel. Other suitable applications of the

systems described herein would be known to one of skill in the art.
Methods for controlling the temperature of a process in a reaction vessel by circulating
30  heat transfer medium through the distribution channel of the at least one heat transfer baffle
described herein are also provided. The methods may be used in, for example, a chemical



one anot her by welding or other process resulting in the materials being
fixably attached to one another. The sub-assenblies are typically adjoined
t o one arwOher1/a897mg cl osure bars 13. The cl osure bar i 2cryyseaalokyendj oi ned
to the support material by a welding or other process that results in a
substantially seam ess joint. The width of the closure bar may be adjusted
to set the wwdth of 5 the relief channel as desired (e.g., setting the

j uxt aposed di nple-jacket material closer together or further apart). One or
nore relief holes may be made within the closure bars such that relief
channel (s) may comuni cate with the reaction vessel exterior. The baffle

assentibdess, % fhhdeahdod! piokab| bistdgrahgdcedse drlothey proteds. tBIsIoigH @bdeshment arm
or arns 7 hy a welding or other {;rocess that results in a substan |aIIy
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advangagepisSh¥ned %&%?s% BeOtise@Tid laf Ie@ﬁtonglsﬁzﬁqh ek podudtioRlof $@klcting atrhen of the
baffles in that very little to no residue remains at the joint between the

i nt erinethod isrtypicallydfe qarréedr @ dyipgmpingsshdat Hansfer fwidwfs the hey| ragsienatfipe
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presen nven many advant ages w fromthe follow ng
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Const r uct ely of f escrl bed
her ei tﬁ“\%@mée ¥hp F?’gﬂgﬁoﬁoqsﬁed %(9 YSUEN Wf?tnerqhe Q?aféurégpg{e Ogﬁﬁéeq .
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the baffle 25material to |ose its de5|reg shape. npl es were punched

i nt o eREPKetE outehsndsy fordughsr processing{ede eaéwa& ing) Wl/ iF &°- f'(f"@é’l"ﬂ heat

transhenoMefetfab®. BRlUmBREd it @é’s%é‘kom?ﬂt‘@ﬁm‘né?&)yteh@re@tgm Raintdindde heat

transter material creates an open iI'low section between the dinple
spot sdeSTﬁbbm theatseonOdter stitable pithpdsnfor yeing thersyatemswssanibed hereiingdwd bedia to

flow lp{oQJﬁ% be 5&&9#’59%% t he heat transfer surface. The

15 An exemplary embodiment of the heat transfer system is shown in Figure 1A. As shown
therein, heat transfer baffle 2 is affixed to the interior 1 of reaction vessel 6 using attachment
arms 7 (which may or may not extend to the entire width of the baffle). In the particular
embodiment shown in Fig. 1A, the baffle is indirectly attached to the reaction vessel and does
not directly contact the vessel. The baffle is typically in communication with inlet header 3

20 through which heat transfer fluid enters the baffle and an outlet header 4 through which heat
transfer medium exits the baffle. In this embodiment, the baffles are attached to the reaction
vessel above, below, or alongside a mechanism for mixing (5) the vessel contents. The
mechanism for mixing the reaction components may be, e.g., an impeller system that may extend
any length along the vessel as indicated by the dashed lines. Suitable impellar systems include

25  but are not limited to, e.g., any manner and / or single and / or multiple and / or combination of
axial flow and radial flow open impellers. The baffles are typically adjoined to the interior of the
reaction vessel shell through attachment arms 7 by a welding or othér process that results in a
substantially seamless joint between the baffle and the reaction vessel.. Thus, as typically
constructed, the reaction vessel shell and the baffle may appear to form a single unit. This

30  provides significant advantages in that the heat transfer system may be efficiently cleaned and /
or sanitized, preferably leaving no residue at the joint.
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heat transfer material was cut to size and the edges crinped to allow the
perinmeter of the dinpled heat transfer surface to be welded to the baffle
mat er i al .w@.20flineseyiinpl ed heat transfer material was wel e#ea/usaaio/obzEhs | e
material. The wel ding sequence of the dinples and the perineter edges was
properly spaced in order to decrease the anount 5of heat build-up in the
two materials being welded. Too nuch heat in any area at one tinme can cause
the materials to warp, causing the baffle to |l ose its desired shape.

Note: In order to create one sanitary heat transfer baffle assenbly, it is
typically necessary to fabricate two sub-assenblies of baffle/heat transfer

material  ahe ®eARE Magdisb Be SéBRGctédsch iQuBét #dnstd) amdisss cheulatbewhiihfone cl osure
bars were cut to length. 6. Two _baffl e/ heat transfer sub-assenblies were

posi t9rGRUE CHMPATTRGNE T Z0Be of theabaffle And tierelfre dherrarating vesse'h FoX HSRNCRE baffl e
mat erdyaln YASFig! 1 BNel SHAL HAGinet %&gm%&afﬁ&ﬁsonwn%u@awlﬁa%m g ho k¥BRACH ot her

and the edges aligned. 7. The baffle closure bars weire used to create the
adequiadependsat intrg-beElevaompartmentp saqhl bateat transfen sTedia mbbeeEwiind bough . |
there ) | o I : - wer e
kot BOBHLRAR Pk Elck her ERART e O R PR BRI P
assenial serivmsr dindepdraldnthe frome aryi thler wemgdargent.2 0iBdepEhdenb afirtdilaticns Swmslly  was

o BRSBTS RIPHREL o8 Wy appgobln o
the bgnffagmassemid ynlétoarldoslet headdesmag te shapmmicafitre widf brlecarckies wre bar s
LTS S U Tk Bl B SRS Bl BRI 1 2
MRS er brahist el @k B@le(Rédded.malQlsoBeGhoiGall Th thidmyni@f, datatansiBemediamagda cause
the materials to warp, . . .
circulated within particular areas (e.g., substantially the top, bottom, or middle) of the reaction
vessel. This is useful where, for instance, the volume of the reaction is increased or decreased
over time, such that more of less heat transfer surface area is required. The baffle may also be
installed horizontally with respect to the reaction chamber, méani'ng that instead of running the
15  top and bottom length of the chamber, the baffle would run across the chamber from side-to-side.
Other suitable baffle orientations are contemplated herein as would be understood by one of skill
in the art.
Figs. 2, 3, and 5-7 illustrate exemplary baffles or portions thereof. As discussed above,
the baffle is typically joined to inlet header 3 and outlet header 4. These headers are adjoined to
20 the baffle such that the heat transfer media circulates through distribution channels 9. Relief
channel(s) 10 are typically vented to the exterior of the vessel using, for instance, a relief hole
(which may be found within a closure bar, for example). The inlet and outlet headers are not in
communication with relief channel(s) 10, through which heat transfer media does not typically
circulate due to design requirements regarding pressure containing equipment. Thus, the
25  distribution and relief channels do not communicate, unless a leak forms within a distribution
channel such that heat transfer medium or other material moves into the relief channel(s) and is
vented from the baffle and reaction vessel. Distribution channels 9 are typically formed
between the support material 11 and dimple jacket material 12 of each sub-assembly. Relief
channel(s) 10 are typically formed by adjoining two sub-assemblies, each comprising support
30  material 11 fixably attached to dimple jacket material 12 to one another. In such embodiments,

the dimple jacket material and support material of each sub-assembly are typically adjoined to
13



causing the baffle assenbly to lose its desired shape. 10. The inlet/outlet
header pipes were cut to |l ength and header pipes notched along the mddle
of one siweowu/aswept baffle assenbly. 11. The i nl et/ @amiustolomaries caps
were notched along the mddle to accept baffle assenbly. 3012. The baffle
supports were cut to |length and notches cut along the mddle of one end to

accept baffle assenbly. 13. The inlet/outlet header pipes were
wel ded into place. 14. The inlet/outlet header caps were wel ded into place.
15. The baffle supports were wel ded into pl ace. 16. Al welds were

ground snooth and flush ensuring that no crevices are allowed. Al surfaces

S5are & MetheBoivbldgtdd oftRr proRvdsaesilting if fHanattalabdih@ fikably St&mhécﬁuro)bnél ni sh. |
7. The baffl e assenbly. exterior surfaces are to be conp Iet(g
el ect #OLhsh| T BHED- ?Sﬁer&b'seﬁrﬁfﬁ tygically pdigipgd toj gieother ysing ¢lpsge bR ddp Tde o

JoHeafodlr e e pil ARt dcﬂgned to the s-ﬁbﬁorhﬁlﬁitenﬁlrb@rbsxtr@&ng ¥ebhen M@&s§@1§§x’e§1ﬂt‘§t ed
essentially as descrl ed Exa tested using the foll ow ng
par amgtasubstantially seamless Jomt The widt of the closure bar may be adjusted to set the width of
S the relief channel as desired (e.g., setting the juxtaposed dimple jacket material closer together or
further apart). One or more relief holes may be made within the closure bars such that relief
channel(s) may communicate with the reaction vessel exterior. The baffle assembly is typically
fixably attached to the vessel through attachment arm or arms 7 by a welding or other process
that results in a substantially seamless joint. As described above, use of the attachment arms
10 ad\"antageously provides for efficient cleaning and / or sanitization of the baffles in that very
little to no residue remains at the joint between the interior surface of the reaction vessel and the
baffle following the attachment process (e.g., welding).

A better understanding of the present invention and of its many advantages will be had

from the following examples, given by way of illustration.

15
EXAMPLES
Example 1
Baffle Construction
Construction of a heat transfer baffle as described herein was accomplished using
20  essentially the steps described below:
1. The baffle material was cut to size. Heat transfer media inlet/outlet slots were cut in both
ends of baffle material. \
2. The baffle material was affixed into adequate jigs and fixtures to protect the baffle material
from warping from heat build-up during the welding process. Warping can cause the baffle
. 25 material to lose its desired shape.
3. Dimples were punched into the heat transfer material to create attachment points to weld heaf
transfer material onto baffle material. Punching the dimples in the heat transfer material
creates an open ‘pillow’ section between the dimple spots. The creation of this ‘pillow’

section allows heat transfer media to flow properly throughout the heat transfer surface. The



. Six (6) heat transfer baffles were installed in a vertical cylindrical

vessel in the manner illustrated in Fig.1lA 15i. Each baffle was 12"
(305Mm) wvoeox/@881 (4,267m) long. ii. Baffles were ingcalusedoas77an angl e
of 30 relative to the vessel radius, iii. Baffles were oriented into the

flow exiting the agitator inpellers. iv. The vessel was 72" (1,829nm)

di aneter x 195" (4,953M1) with ASME di shed heads. 201. Vessel total vol une:
14,000 liters 2. Vessel working volune: 10,000 liters 2. The vessel was
equi pped with a 100 hp (75kW agitator i. Agitator nmaxi mum speed: 159 rpm

(2.65 s4) ii. Inpeller configuration: four (4) on vertical centerline 251.
Lower, h&wanmrdﬂh@nalmmrro bidé Rhd @fe, eddes &imfed2A6nMbwahe pefi@éeof the
Upper-n1dd|e up h-solidity hydrofoils, 34" (864nm dianeter 3.

|nstrurrémi&<t4hmt mferﬁga focks ‘&%Fdef?é.‘ielbameé“‘l%”ar‘rake the fol | ow ng

measuf EWQB% 1dd hehEIRRIR MG ial WASWIREA Bith B3 rEh ReridlS Rk WA sdqll&dcaovel | s
to neasure the tenperature of the vessel contents (two probes) and baffle
cool ant of the dlmples and the perimeter edges was properly spaced in order to decrease the amount

S of heat build-up in the two materials being welded. Too much heat in any area at one time

can cause the materials to warp, causing the baffle to lose its desired shape.

Note: In order to create one sanitary heat transfer baffle assembly, it is typically necessary to .
fabricate two sub-assemblies of baffle/heat transfer material as described in steps #1 through #4

10 above.

5. The baffle closure bars were cut to length.

6. Two baffle/heat transfer sub-assemblies were positioned with their heat transfér surfaces
facing each other. The baffle material was aligned such that the surfaces were parallel with

15 each other and the edges aligned.

7. The baffle closure bars were used to create the adequate spacing between the baffle/heat
transfer sub-assemblies (e.g., thereby providing the relief channel(s)), and the weld closure
bars were tacked in place. Final spacing, position and “squareness” of the baffle assembly
was checked before final welding.

20  8.- The baffle assembly was affixed into .adequate jigs and fixtures to protect baffle assembly
from warping from heat build-up during the welding process. Warping can cause the baffle
assembly to lose its desired shape.

9. The baffle closure bars were then welded into position. The welding sequence of the baffle
closure bars was spaced in order to decrease the amount of heat build-up in the materials

25 being welded. Too much heat in any area at one time can cause the maternals to- warp,
causing the baffle assembly to lose its destred shape.

10. The inlet/outlet header pipes were cut to length and header pipes notched along the middle of
one side to accept baffle assembly.

11. The inlet/outlet header caps were notched along the middle to accept baffle assembly.

30  12. The baffle supports were cut to length and notches cut along the middle of one end to accept

baffle assembly.
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tenperature. Tenperature data points were collected and stored using a Kaye
Val i dat orwoavu/d2sgger. ii. Baffle coolant flow vel ocityPaadiSoeasuriesl usi ng
an ultrasonic flowreter with its transducer positioned on the cool ant
supply piping. 5iii. Agitator operating speed was set using the fernenter
automation control system|. The autonation system agitator speed control
was calibrated during set-up using a hand-held optical tachoneter.

2. Agitator speed was verified during the tests using the sanme 10cali brated
optical tachometer. iv. Agitator wire power draw was neasured using a

di gi t fd. TROWRYOUBEReadePpipBI W weRled idtbpREe.| €gs of the power to the notor'
AC vari abl e fre(i]uenc drive. v. The mass of the vessel
t

cont eht Fhpireugutieihsedseepps syeryvelded BIoRIEE- 15di fferential pressure
tr ansglyq% Baffle supports were welded into place.

16. All welds were ground smooth and flush ensuring that no crevices are allowed. All surfaces
5 are to be smooth with no crevices in order to achieve a sanitary finish.
17. The baffle assembly exterior surfaces are to be completely electro-polished if a smoother

surface finish is required.

Example 2
10 Heat Transfer Testing

The heat transfer system was constructed essentially as described in Example 1 and
tested using the following parameters: |
1. Six (6) heat transfer baffles were installed in a vertical cylindrical vessel in the
manner illustrated in Fig.1A.
15 i. Each baffle was 12” (305mm) wide x 168” (4,267mm) long.
ii. Baffles were installed at an angle of 30° relative to the vessel radius.
iii. Baffles were oriented into the flow exiting the agitator impellers.
iv. The vessel was 72" (1,829mm) diameter x 195 (4,953mm) with ASME
dished heads.
20 1. Vessel total volume: 14,000 liters
2. Vessel working volume: 10,000 liters
2. The vessel was equipped with a 100 hp (75kW) agitator
i. Agitator maximum speed: 159 rpm (2.65s™")
ii. Impeller configuration: four (4) on vertical centerline
25 1. Lower, lower-middle: Rushton turbines, 32.5” (826mm) diameter
2. Upper-middle, upper: High-solidity hydrofoils, 34" (864mm)
diameter
3. Instrumentation was installed and available to make the following measurements:
i. Temperature: Thermocouples were installed in thermowells to measure

30 the temperature of the vessel contents (two probes) and baffle coolant

16



4. The vessel was charged with 10,000 liters (kilograns) of de-ionized

wat er at anbi ent conditions and the tenperature of the contents was raised
to 70C bywoizosaRsstieam i njecti on. The final mass of thePcontSenvmH41was
recorded after steaminjection to account for the addition of the resulting
steam condensate. 70 5. The agitator speed was set at a value to deliver
approxi mately 80% of full notor power for the first test; subsequent tests
wer e conducted at speeds selected to yield power |evels at approximately
50% and 25% of the initial value. 6. Coolant (chilled water) was
re-circulated through the baffle assenbly using a skid-nmounted chiller and

punp. 25i. Cool ant §lppWy Wwas aidiHasdeeeriRrduiie. deehipetinirat @dlSiongs awstal ve to
throttle the discharge flow of the circulatin ii. Coolant velocity

. , punp.
was measured using &hlegted padynned “?‘P%W’f@t"‘eyalégg%éﬁtédo%bve; vol umetric flow

rate was cal cul atjedpagelddglaRl AW GEIoOty Wad MEdshitd 38k Rh RBrA6M8 FroSmfetdronal
area. 30iii. Tests were conducted over a range of coolant flow rate. iv.

The reported total wéblitarensdnesnppsitiensdanithe caplanicreapPliPimee-t he si x baffles by
hydraulic bal anchng apiGflodearnd NBEENad e LlRg AR fARR: dufiaih Ebfirdioo! ant

supply and di scharge®pi pi ng an eaders. esse atch tenperature
as well as coolant symply and di scharge tenperature 5 were | ogged

simul taneously at a rate.of once.per mnnute as the ba from
70C to 25C for a gi veﬂ‘ sg?e Sf'toglgg.%nsygp?'f’oa ARG Sé’geig({ acf’%t?ao%%?act%ﬁ%ﬁ%gpeed
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10 calibrated optical tachometer.

iv. Agitator wire power draw was measured using a digital power meter to
monitor all three legs of the power to the motor’s AC variable frequency
drive.

v. The mass of the vessel contents was determined using calibrated

15 differential pressure transducers.

4. The vessel was charged with 10,000 liters (kilograms) of de-ionized water at
ambient conditions and the temperature of the contents was raised to 70°C by
direct steam injection. The final mass of the contents was recorded after steam
injection to account for the addition of the resulting steam condensate.

20 5. The agitator speed was set at a value to deliver approximately 80% of full motor
power for the first test; subsequent tests were conducted at speeds selected to
yield power levels at approximately 50% and 25% of the initial value.

6. Coolant (chilled water) was re-circulated through the baffle assembly using a
skid-mounted chiller and pump. .

25 i. Coolant flow was adjusted to the desired rate using a valve to throttle the

discharge flow of the circulating pump.

ii. Coolant velocity was measured using an ultrasonic flowmeter as noted
above; volumetric flow rate was calculated as the product of velocity and
pipe cross-sectional area.

30 iii. Tests were conducted over a range of coolant flow rate.



QEmcp AT 60 where Q = heat transfer rate, BTU hr m = mass of vessel
contents, Ibmcp = heat capacity of vessel contents, BTU | b-F 15AT =

t enrper at we 20hzmgwiper mnute (e.g. Tl,1-T1), F The overalrlusb@at4t7sanst er
coefficient Uis then calcul ated over the course of the test per the

rel ati onship . QUAATIi n where Q = heat transfer rate, BTU hr 20U = overall
heat transfer coefficient, BTUhr-ft2-F A = avail able area for heat
transfer, ft2 ATIn = | og nmean tenperature driving force, F The above
approach was used because the coolant inlet tenperature did not stay 25
constant but rather changed (decreased) over the course of the test and

cycled with the operns ieporé wlahodtdht Abwiis equey @iNided RBEY Ak YixdaViRs byn t he
range of 54C to 12C for all tests. The resulting value of U |ikew se

decreases over the Byiiawis belancing whiglh isgpherent jin %rﬁ?&‘ﬂ‘ obile bafde pepiantat the
batch tenperature OEuﬂpWﬁ\'&%harg@pﬂpmg%n@ﬁ@a‘aers.?’?C

7. Vessel batch temperature as well as coolant supply and discharge temperature
5 were logged simultaneously at a rate of once per minute as the batch was cooled
from 70°C to 25°C for a given set of coolant flow and agitator operating speed
(Fig. 8).
8. The heat transfer rate Q over the course of the test is calculated from the data
based on the mass of the batch. and the minute-by-minute change in batch
10 temperature using the relationship
Q=m-c, -Al'-60
where Q = heat transfer rate, BTU/hr
= mass of vessel contents, lby,
¢, = heat capacity of vessel contents, BTU/1b,-°F
15 AT = temperawure change per minute (e.g. Ti+;-T\), °F
The overall heat transfer coefficient U is then calculated over the course of the
test per the relationship
Q=U-A-AT,
A where Q = heat transfer rate, BTU/hr
20 U = overall heat transfer coefficient, BTU/hr-ft*-°F
A = available area for heat transfer, ft*

AT, = log mean temperature driving force, °F

The above approach was used because the coolant inlet temperature did not stay
25 constant but rather changed (decreased) over the course of the test and cycled
with the operation of the chiller; coolant temperature was in the range of 54°C to
12°C for all tesis. The resulting value of U likewise decreases over the course of
the test and all comparisons are made at the batch temperature of interest, in this
case, 37°C.
30



30 Note that the above approach which is based on the change in batch
tenperature i s conservative since a heat bal ance based on the change

(1 ncreaseyoiniionsd7ant t enperature yi el ded a hi gher heat pcoams2018As778hown i n
Fig. 9, the heat transfer systemis capable of efficiently transferring
heat froma reaction m xture. In the operating range of interest (37C), the
tests yielded a U value in excess of 200 BTU hr-ft2-F; this conpares very
favorably to cooling-service values that are claimed for both external

j ackets (100-130) and internal structures (conventional helical coils and
vertical tube bundles: 100; platecoils: 90-160 ). Even at low flow rates on

the order of 16Qrl@aPit bbsveSipprodel WhRrb i babdd P MeRAGAR: ih Bercheasperate heat
transfer coefficient is greater than or equal to that for other deV| ces.

Dat a col | ect ed afOnSeRatMexSIRRGM bers|balence basd parthe chasge dingiseseadt CRIBY power

input levels assaehaledidMeh Hifer RREIAlI on of mcrobial fermenters (8-29
hp/ kgal or 1.6-5.7 kWnB) indicated that overall heat transfer coefficient

Uwas rel atively constant (2376 BTU hr-ft2-F) over the 15range exam ned.
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reference’in their I'rety 1nto thi's t1on cription
pr Ovi fied ahreacéibm mmyrebén preexpenanegjrange b‘énntcseso¢3"7°@)hdlepcs@‘ weldedla éhmm nents, it

| s under st %3 /hr oncs n?rz]lde r{p \Giahly 10 ing-seNvice. v lt S
i 11 8espt 1 B Fhe o Brntites; ent (i EAblaO oot EREE Kb GBS s
cover claimled SHChotk @kiletnal ﬁBEets/amDaBODﬁl&i tilathalcarmetundst Bonvehtivhab bafral afilst he
clal n?n% \SelrJtPcalet(Exhe [‘rl?ndtles 100; platecoils: 90-160 ). Even at low flow rates on the order of 100
10 gpm for six baffles (~17 gpm each) the measured heat transfer coefficient is greater than or equal
to that for other devices.
Data collected at the maximum coolant flow rate tested and agitator power input levels
associated with the operation of microbial fermenters (8-29 hp/kgal or 1.6-5.7 kW/m*) indicated
that overall heat transfer coefficient U was relatively constant (237+6 BTU/hr-f%-°F) over the

15 range examined.

All documents cited or referred to herein are hereby incorporated by reference in their
entirety into this description. While the description provided herein may be presented in terms
of the preferred embodiments, it is understood that variations and modifications will occur to

20  those skilled in the art. Therefore, it is intended that the appended claims cover all such

equivalent variations that come within the scope of the claimed subject matter.
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CLAIMS What is clainmed is: |I. A heat transfer baffle conprising at | east
one distribution channel and at |east one relief channel. 52. The heat
transfer wef2bin2sd71cl aim 1 conprising at | east two di st PChatsean/oetrannel s.
3. The heat transfer baffle of claim1 or 2 wherein the distribution
channel is formed between a first material and a second material to forma
sub-assenbly, and the relief channel is fornmed between two sub-assenblies.
4. The heat transfer baffle of any one of claimI| wherein heat transfer
medi a may be circul ated 10t hrough at | east one distribution channel w thout
also circulating through at | east one relief channel. 5. A heat transfer
baffle conprising: a. a first sulcpspasbly consisting essentially of a
first material adjoined to a second material to provide an distribution
channWhat ig ggimed iSecond sub- assenbly consi sting essentially of a first

mat er aly pdi @hRGd 80 SR Refesdt iRk dlsRiUREBY icfndNat &t lehdd Wt 81ieghannel ,
and c. . athird material t ad10|ns the first assenbly and the second

sub- asséh@h? to one another wherein at | east one relief channel is

heamg %&g@?n%{sgﬁbyﬂ 1%”1?]@&%FJ@?J@’M?%QH@VB%\M%BHC%Q@H? assenbly, and

ranst er I a may be circu rough at | east one distribution
The heat transfer baffle of claim 1 or 2 wherein the distribution channel is formed between a

first material and a second material to form a sub-assembly, and the relief channel is formed
between two sub-assemblies.
4, Thé heat transfer baffle of any one of claim 1 wherein heat transfer media may be circulated
10 through at least one distribution channel without also circulating through at least one relief
channel. ‘
5. A heat transfer baffle comprising:
a. a first sub-assembly consisting essentially of a first material adjoined to a second material
to provide an distribution channel,
15 b. a second sub-assembly consisting essentially of a first material adjoined to a second
material to provide an distributidn channel, and
c. a third material that adjoins the first assembly and the second sub-assembly to one
another,
wherein at least one relief channel is formed between the first sub-assembly and the second
20 sub-assembly, and heat transfer media may be circulated through at least one distribution
channel without also circulating through at least one relief channel. |
6. The heat transfer baffle of claim 1 comprising two or more distinct compartments through
which heat transfer media may be circulated independently of any other compartment.
7. A heat transfer system comprising one or more heat transfer baffles of claim 1 adjoined to a
25 reactor vessel.
8. The heat transfer system of claim 7 wherein the one or more heat transfer baffles are
~adjoined to the reactor vessel through a substantially seamless joint boundary between the
baffle and the vessel.
9. A heat transfer system comprising one or more heat transfer baffles of claim 1, the

30 distribution channels being adjoined to a heat transfer media inlet header.
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channel w thout also circulating through at |east one relief channel. 6.
The heat transfer baffle of claim1l conprising two or nore distinct
conpar t rewoo0timeargh whi ch heat transfer nedia nay be cipctaisatiem47763

i ndependent |y of any other conpartnent. 7. A heat transfer system
conprising one or nore heat transfer baffles of claim1l adjoined to a
25reactor vessel. The heat transfer systemof claim7 wherein the one or
nore heat transfer baffles are adjoined to the reactor vessel through a
substantially seam ess joint boundary between the baffle and the vessel.
A heat transfer system conprising one or nore heat transfer baffles of

cl ai mg. A kdaburatRedt SstdndbdrhHingtne Be hidrdithigans@} BifMegofictaid INeRdreih iaNaf er
media inlet header. 10. A heat transfer system.co r| si.ng one or nore heat

t r ansf edeagfomg F’@?Wf‘%?‘ﬁ’i"ﬁ?‘ls yheiped W athee mapsfergnedia oiet Bsader i but i on channel
i s adj Pingd: (rBnsferGQEm oABALiIRE OH@QI‘ AoRUlehElrandRAgS es ofl dlainf\l @@kt feh@nsf er

system conprising one or nore heat transfer baffles of clai ml, the at

| east owae distrtbulibnchaelebeing adjotnetl rig adlisiab rarséer troedia et headernaidle? heidi a

[ ng et h%%gs%r A0k SueleRhaat ransfer nedia outlet header. 12. A heat transfer
system conprising one or nore heat transfer baffles of claim1 adjoined to
t he i n.ex hax trsuwféra;gaemfcompneagtonc)nr mesishvdat travséer éafﬂeeaﬁ hlabaflfddﬂblmed tadj oi ned
to at ast an eat
transt el sifreet hERT v Pt ElondBnich sl abRRh oBPRRICTS

vent ed t@ndféramaded fiddt hexdee hdht. ledsd bk héﬁh&arkmtmddl’aadsmfeeheaﬂyrsTaﬁ(mmfrelcdfal m 7

wherein E‘he 002 %(ﬂa?a)re heat t ansfeg baffl es are fixably attached to the
i nt er i ofhAWElo{£ac He VPR BHYFRS §¥F ' Yuch that when the vessel contains

comt enf Thk RediBrahdTér syQeml dfic l@n I7NwiSdrdif SR JiB @A mbheheRBdrdilsRS baffleeartfixably i S
attenuated. 14. The heat transfer system of claim é‘ﬁ\év\herel n the one or

nor e he attachedy 4 ther infsgipf swiace of fth%é‘b"F%O“ vessel suchy thap whew the;vesgel GORRYY| or

surface QItteﬁt;bﬁl rﬁﬁ%trés(?xﬂln\QQ§§@éss ﬁfvor?tﬂe ﬁi{mésetl{e%{ré’stshélﬁteﬁl(?at&d"'e interior wall
150r radius of e vessel, the angle being selected fromthe g rouB
consi $4.iTihg herft trahsfen sySemiad’ clalm 13 wherein the one or more heat transfer baffles 1s fixable

attached to the interior surface of the reaction vessel at an angle relative to the interior wall
15 or radius of the vessel, the angle being selected from the group consisting of about 5°, 10°,
15°,20°, 25°, 30°, 35°, 40°, 45°, 50°, 55°, 60°, 65, 70°, 75°, 80°, 85°, and 90°.
I5. The heat transfer system of claim 14 wherein the angle is about 60° relative to the interior
wall or about 30° relative to the radius.
16. A reaction vessel comprising within its interior at least one heat transfer baffle of claim I.
20 17. A method for controlling the temperature of a process in a reaction vessel, the process
comprising circulating heat transfer medium through the distribution channel of the at least
one heat transfer baffle of claim 1.
18. The method of claim 17 wherein the heat transfer medium is selected from the group
consisting of steam, a pumpable fluid, water, glycol, a heat transfer oil, a refrigerant, and
25 combinations thereof.
19. The method of claim 18 wherein the heat transfer medium is water.
20. The method of claim 17 wherein the process is selected from the group consisting of a
chemical process, a pharmaceutical process, and a biological process.
21. The method of claim 20 wherein the biologic.al process is selected from the group consisting

30 of microbiological culture, mammalian cell culture, and plant cell culture.
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| 5, 20, 25', 30, 35, 40, 45, 50', 55, 60, 65", 70, 75, 80", 85, and 90".
15. The heat transfer systemof claim 14 wherein the angle is about 60

rel ati ve wo2oh2semieri or wall or about 30 relative to tkreTnmdiws47766. A
reaction vessel conprising within its interior at |east one heat transfer
baffle of claiml. 20 17. A nmethod for controlling the tenperature of a
process in a reaction vessel, the process conprising circul ati ng heat
transfer mediumthrough the distribution channel of the at | east one heat
transfer baffle of claiml. 18. The nethod of claim 17 wherein the heat
transfer nediumis selected fromthe group consisting of steam a punpable
f1ui dyp WRt Glethdd HCQhim 20 RAREeid BRNSHEIss X ht ledst Ak Iskepeinath .prédudtion of a

25conbi nations thereof. 19. The nethod of claim 18 wherein the heat
transferaggdi umis water. 20. The nethod of claim 17 wherein the process is
selected fromthe group consisting of a chem cal process, a pharnaceuti cal
process, and a biol ogi cal process. 21. The nmethod of claim20 wherein
t he bi ol ogi cal process is selected fromthe group consisting 300of

m cr obi ol ogi cal culture, mammalian cell culture, and plant cell culture.
22. The nethod of claim 20 wherein the process is at |east one step in the
production of a vaccine.



