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exchangers, condensers and simlar fluid-handling equipnment with
coll ections of tubes or rod-like elenents, for exanple, in devices

such as nucl ear react t\{ [5-%5 ¥ col | ection of
paral l el cylindrical Eﬁ ési I ﬁ?ﬁlﬁ]aigsm ng over the
t ubes or ot her elenento FEpor et e presere—= nvention rel ates

to a baffle structure for use in connection with the bundle to

provi de Mﬁmal tubes within the bundle and to
direct t 1 n the heat exchanger shell towards the
heat transfer tubes of the bundl e. BACKGROUND OF THE | NVENT]I ON

[ 0002] Tu ndl e ] hanger s
and ot heﬁgsm | ar 13?% %@Eﬁﬁﬁ%eﬁ@vﬁggghgﬂgﬁeggpﬁ adggtl%rr%lgrs and
flow str axghirgees, Sondérsemandushaiaofigdhiandling equipn@hewith@otlodtibus of t he

fluids through the equipnent. In such tube bundles, there is"
typi cal | yubssiaraogliks alernents.qios gxamplsein deyicss sueh @waQm@aCém& across

h f (&h f bes
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formation wth the tubes set in aligned rows with tubée [ anes (the

st rai ght ipeantionirelatesdo atliaﬁle stivectiirelfor wessin @antctmwwnbtherlmsﬂe @l i gned
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separ at i t}\jlgt;‘)ﬂu SR?%B?P%%E&%‘E{?% ggﬁ%@%ﬂ%&é?ﬁ ! ;{}ﬁgért riangular tube
formati obundlee tubes in alternate rows are ali gned w th one anot her
so that each tube i s adjacent to six other tubes (the two adjacent
tubes in_the ELB,FSNJ n the two adjacent rows). WO

2008/ 045245
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[0002] Tube bundle equipment such as shell and tube heat exchangers and
other similar fluid handling devices such as flow dampers and flow straighteners
utilize tubes organized in bundles to conduct the fluids through the equipment.
In such tube bundles, there is typically fluid flow both through the inside of the
tubes and across the outside of the tubes. The configuration of the tubes in the

( bundle is set by the tubesheets into which the tubes are set. One common
configuration for the tubes is the rectangular or square formation with the tubes
set in aligned roﬁvs with tube lanes (the straight paths between the tubes)
between each pair or rows, aligned orthogonally to one another. In this
formation, each tube is adjacent to eight other tubes except at the periphery of
the tube bundle and is directly opposite a corresponding tube across the tube lane
separating its row from the two adjacent rows. In the triangular tube formation,
the tubes in alternate rows are aligned with one another so that each tube is
adjacent to six other tubes (the two adjacent tubes in the same row and four

tubes in the two adjacent rows).



[ 0003] I ncreases in throughput in existing exchangers are often
desired either to reduce capital cost by reduci ng equi pnrent size or
“to increaswomoosh4st4Bvity factors. A e@mon |limting fadt@yUs2007/021175
experienced when evaluating the increase of rates in a heat exchanger
is the potential for flowinduced vibration danage of the tubes.
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utilizing rod baffles to support the tubes and secure them agai nst
vi br at i ongatefiills arerapladed Withelighter weight abeseFloagrinduced yibsatianmay 15 cm

long the length of the tube bundle. in which the epds of
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exchanger's, "howkever, to be ely 30 to 40% nore
expensi veatisfactory¥heal @R8H 6488 ARdeRneviPeindiSenx) beosads7dibjssh teflowonal
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le fficult and expensive. Rod baffle heat exchangers are descri bed,

for exanmlements itk Sovwrstream withes withoeh hegdmns®r.3gs, 638; 5, 553, 665;
and 5,642,778. [0005] As described in U S. Patent No. 5,553, 665,

certain a[ﬂﬂb:i]c ati Or.Lxsm(xjxfnber of different equipment designs have evolved to deal

with the problem of tube vibration. One example is the rod baffle design. Rod

baffle heat exchangers are shell and tube type heat exchangers utilizing rod
baffles to support the tubes and securé them against vibrations. The term
"baffle" refers to the cages, placed every 15 ¢m or so along the length of the tube
bundle, in which the ends of a plurality of support rods are connected to form a
cage-like tube support structure; hence the term "rod baffle". Rod baffle

exchangers, however, tend to be approximately 30 to 40% more expensive than



the rod baffle design such as gas-conpression applications nmay
benefit fromlongitudinal-flow, with shell-side pressure |osses to be
“mnimzed.wBedsaian i n shel |l -side prgssure | osses nay HE/US2007/021175
acconpl i shed by increasing rod baffle spacing, thereby reducing the
nunber of rod baffles, or by decreasing the nunber of tubes by
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failure. Chatter is the notion of a tube hitting the tube supports
because 6f553,.¢p andtvie7 18 e support and the tube outside dianeter.
The gap is required to allow for inserting the tubes through the

Goo oquiBliB" es P neb G LS, birehPlli%s SPL865 Lol Ein appfiSidafiE, O
tube vi bggd jbaffie :aesigﬂ RR&H bs SRVIISSeSion AificaliGieman ehdtiSrom Uppor t

devi ces are commonly Known (and referred to in this specification)
(may be VdgOOMDLER Vit shelcside/paseme0ases® hawminimizsad. | Redustion ime
bundle in order to control flowinduced, vjpration, and.to_.prevent
oxCose vahSThSIShaTsSIe lores masoke stoRmihsd BY MerRiiogerels Secine
stakes h ' ' i t ent.
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whi ch caroweof bes apmepsured diom theisenton efithe twbes: JagreasipehaKts on.

| nproved tube stakes are al hown: i n : . 2,655 to
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of whic hli\xliﬁ'ieoa'iﬁeg HelKcihesd BefBindnesd fube #ibritisty oéir@heaCThe BAVVARY OF

THE | NVE ]
baffle design described in U.S. 5,553,665 represents an attempt to deal with the

pressure drop problems of the rod baffle configuration.

[0006] An alternative design is the "Eggcrate" support design. This,

( however, is even more expensive than the rod baffle design. Like the rod baffle,
the eggcrate is also susceptible to tube chatter that could lead to tube failure.
Chatter is the motion of a tube hitting the tube supports because of a gap
between the support and the tube outside diameter. The gap is required to allow
for inserting the tubes through the eggcrate support when the bundle is being

constructed.

[0007] Besides good equipment design, other measures may also be taken
to reduce tube vibration. Tube support devices or tube stakes as these support

devices are commonly known (and referred to in this specification) may be



[0008] It is an aspect of the present invention to provide a tube
bundl e device (e.g., a heat exchanger) having at | east one baffle
“whi ch -suppwaeodfasz4subes in the bundl-&-devi ce. The at |HAFYS2007821175
baffl e may consi st of at |east one slotted support baffle, which
support the tubes within a tube bundle while also controlling the

bar 11 o, wirered i edpte Bdie i fioBF ot FPpRf Bl VBRRlondR B o' "
devi ce. [GQQRO&]t BRGedsHRaMBVEIRER dIehd @Bed. N& Inudiftfer df iifbeSubpords orsiiBe | and

a tube bundle | ocated within the housi ng or shel | . The tube bundle
has a pl wtaktdsthavebeenprposed amiprd cpmneirtielly avaitabde. 4hSt Ratent No.t ube

separ a}TE&,%%?Z%f i Biares B%Q%%gﬁrﬁé-ﬁg@?t%’;ﬁe%%mgﬁ&% Sor Qﬁﬁgeof
punal e | <5 AEhARA TR ofd U SPALTREL. ePl0IRRE iath, (5 Banigle, difrliel

the tube dipRen€typed of hebecsle @ftulbe suppottevirialk san beénserted ito destube, the
partition lane may be omtted. Wien nultiple passes through the tube

bundl e dewindie tarreduenibrasioa: émp;t_t\fﬁ_é Tﬂbﬁbﬁa rmélseéhlwa_lw B. Fatentude
(00101 1 n Mechibies AL A st Tadard bHen B Fokbh € e Cube.

bundl e deyj j : le. Th
unal e ed’ib&@sdr@ﬁwgcgb@l%a te@%r&h@?é&ﬂcﬁmﬁfeﬂéﬁéé. e. The

sl otted support 5243- 5 -1"al U 820 21175 baffles
rovide support for the individual tubes within the tube bundle. Each
support BITMMARI DFJEHEANWENIIONy of spaced apart slots formed

therein. Each of the slots being sized to receive at |east one of the

bes of b dl e _t heret.h . The.. i h sl
5 o1 gntlPYORL gor Tt an el oR MY MERl i eFuGh T iV R Qe Bn gD <!
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area. The g area 1s size ocated wthin a gap between
t he housipigckang bafflee whichhemtiols thbdlowubiflhidrwditldndbe tube buBdieldesicet t ed
support baffle may al so include at | east one partition | ane bl ocking

f d therein, T i L J bl ocki. bei i zed
o o 7B w t b NAle feiErine e BRORSRESE Shell 4 4 OB bund c.
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bundl e.  japes in the tube bundle is dependent on the number of passes the tubes make

through the tube bundle. In the case of a single-pass tube bundle device, the
partition lane may be omitted. When multiple passes through the tube bundle
device are contemplated, the tube bundle device will include one or more

partition lanes to divide the tube bundle into sections.

[0010] In accordance with an aspect of the present invention, the tube

bundle device includes at least one slotted support baffle. The slotted support



[0011] I n accordance with an aspect of the present invention, each
support baffle may include a first group of the plurality of slots

" bei ng | ocatvexkoosmw4szas si de of the partigd on | ane bl ocki necTwsze07Betizeen
a portion of the blocking area and the partition | ane bl ocking area
and a second group of the plurality of slots being | ocated on anot her
side of the partition |la bl.ocki,ng, a bet.wee t her . pogti,on of
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Support ribs extend between the slots. In sone WO 2008/ 045243- 6

- PCT/ 13S2themrtivpugh.s Toe ceasssectinnaf each slot is stightly lasgerthan theuer ¢ ne
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| east onegdvide) 'RAhaIREd duipPof baEifsthddthni dutér phiringtér 1d Sblogkinptared | y
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i nt er sect fonmedbetvezsaitho nuter perimeter and theeplurabifeossnaced ppryt sipisn The

cont empl SHBEKIDR Afea HanIS I ING1E Thd ieeetROER A8 Tavolh Sl oine
stotted SHPRRHRORIHESiuld devidd I\ ikl inwhrdl P IGRIISIRIEECnddIat the

t ube bun ICe& 1 ncC es a east one st oriented slotted

(5 upport bghdd dedhdd abntac@ske bloek Thid kelotleidg ataatis eited upber t
baffle. Each of the first oriented slotted su&sort baf f| es bei ng

spaced f rlopatadh withima gap bsvesndho housingand pwer wiesobibstubebyndle. "Wt h

such an ayrang t e.pluralj t first
ori ent ed €5t géga%géb%:atsuﬁgélq '%gﬁi%r\r}g} f E?gﬁag‘?‘ﬁe{ﬁ%ﬂ ?’}Sﬁb%ﬁ@fbp ﬁg&

pl ural i t W1gfkifparadonnad thetdifl! Thepatthtfnslesobldckingardas) i sieel to
support baffl e have a second orientation, which I's different fromthe

first oribeneetivedwithirethegrartitiorlang antangs of tieriybabundie.f The pamitionr st

i ented slotted, t baff| d .t d,orient | ot
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i ent ed - ; : Fent ed
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sl otted suUppor Irst group of slots being |ocated
on one sithe e Bundlep@hén thediuil zontabisah& pargitian éanedridcking emandt igr oup of
sl ots being | ocated on another side of thehepgr%ition Iage bl ocki ng

area. Eacentgmplaisd thaidn the ease of g sineieraassdube Bynsile devicqdhe BRERGN g oup

for the flrst .06l . t 4 :
directi or{a%eu%é]? é%?ﬁ%ﬁ%sg%érhaﬁqg%&%% ﬁéﬁ g@% #%Yirég%taﬁg%e %@ﬁ?gg ar ea.
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t he second oriented slotted support baffle extends in a direction

ubstantially perpendicular to the partition | ane bl ocking area.
[ 0013] I n {88EQr danc &n agcondanssivrith amasnest olghe PrRseRf Ia¥aHion, BACTUPBAT ¢ he

baffle may include a first group of the plurality of slots being located on one side

of the partition lane blocking area between a portion of the blocking area and the
phrtition lane blocking area and a second group of the plurality of slots being
located on another side of the partition lane blocking area between another
portion of the blocking area and the central blocking area. The slots may extend
in a direction substantially parallel to the partition lane blocking area.
Alternatively, the slots may extend in a direction substantially orthogonal to the

partition lane blocking area. Support ribs extend between the slots. In some



t ube bundl e device includes at | east one bl ocking baffle. Unlike the
support baffle, the blocking baffle does not support the tubes.

"I nstead, two Pbekiaag baffle functiongio control the fromwsborokirs
within the tube bundl e device. Each WD 2008/045243- 7
- PCT1US2007/ 021175 bl ocki ng baffle includes a bl ocking plate having
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flowi ng through the tube bundle device is_directed_inwardly towards

the tube Pubsientalinerthegenal fathg supperheibs and themleds pitheashatbe bl ocki ng
area. The, bl ockin l.af e bl.ocki I I.S.Sized to be located within
a gap bet eé%ecbﬁg%’;]ge&g#?{be%lﬁgn%gﬁg%t?ﬁgg@tbf t he tube bundle. The

bl ocking plate baffle may further include at | east one partition |ane
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| ane bl ocki ng pl ate bl ocking areas is .deﬁén ent upon the nunber of
parti t i orcantaeplateidithatrthe mebethupdledavigednclngesintdeant swa skobied suppark t ube
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artition lane bl ocking plate cking area is sized to be received
wi t hi n a steitedesnppord ibatflgpaEadht ofcthe fiasieriefitedisiottediseppor Bhfled beinge. The

partition |lang, bl ocking plate bl acking, area nmay extend,  for exanple,
f r om oppdBPefy EPmEE adhaceRksesP erﬁ@tegﬁmgﬁvw ﬁfef ré‘é{lt{%év%@h t wo

openi ngs | I f ' in a
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t herethrough. As a result, fluid flowing through the partition |ane
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accordance w th another aspect of the present invention, at |east one
el ongat edavethe ssmepuientation diachoftheofirst edented slophed baifldand edobof of t he

- tube bund| e t.o reduce vibratian., Each elo ed be port nmber
o sel oo g 1oak SRS Feion prenls o Pepndeila ehidesaTideRtn 6he o
tubes. TREEHARII G HP6ne side of the partition lane blocking area and a second

( group of slots being located on another side of the partition lane blocking area.

Each slot of the first group and each slot of the second group for the first
oriented slotte;i support baffle may extend in a direction substantially parallel to
the partition lane blocking area. Each slot of the first group and each slot of the
second group for the second oriented slotted support baffle extends in a direction

substantially perpendicular to the partition lane blocking area.

[0013] In accordance with another aspect of the present invention, the
tube bundle device includes at least one blocking baffle. Unlike the support
baffle, the blocking baffle does not support the tubes. Instead, the blocking
baffle functions to control the flow of fluid within the tube buﬂdle device. Each



WO 2008/ 045243- 8 - PCT/ US2007/ 021175 supports may be inserted between
t he tubes between the bl ocking and slotted support baffles. [0016]1t
" 1S anot herwapiedeszds t he present invefition to provi de &ardished/onf7s
controlling the flow of fluid within a tube bundl e device. The nethod
includes redirecting at least a portion of the flow of fluid in the

gap to t t,ube, bundl e, ,The hod,further includes. X l,ng, at
Tanst a qp s R e PR R e S RSP e B
tube bungip@ platB @peSidb seetith decivelthe nitlebiof tHe @bt biindle @evRki shed by
| ocating the bafiles at selected |ocations along the tube bundle. The

bl ocki ng therethsoughd Albdedkingyplateblecking ekdarig fenmeddbetweernthesintart ed
support baffl es e, bl ocki n ffles redifect the flow of fluid
away frorﬂqlﬁﬁtﬂégqg%i’{j%gﬁlgt @tewgdgﬁ%g IG5t SRe Pl menine [ bRekingl o
into the | : e It diane

bl ocki ng pg‘#ggls&%g% %g%? r%‘%gfsﬁv %\f/]vegﬁ&f}f?ddla ar%ouﬁ?brﬁ#édsgg’?ﬁlltd i on

| ane to iflgwiny chroggh the mbs bandle @BV ick iGN dihwai 1o whEds PRAMIbRYGS
[0017] The invention will now be described in conjunction wth the
acconpanyunéleavhen thg lui comtrets the Weckiag plase blockingaren. sThiebloeking | i ke
el enment s d rein. .. .. FiQ ], schematic viewof a tu

bundi e naUTBICRmEAer fre st iRt B buBiep Bt Renshhe ne
enbodi neRhieptull dfMEHBRbuhANE MheWMocking platd baifle ZndysfufiheLiiéludedyy of a
slotted baffle having vertical slots in accordance " with an enbodi nent
(of t he pilesstore partition lane; blocking plate blocking area formed therein. The number

of partition lane blocking plate blocking areas is dependent upon the number of
partition lanes within the tube bundle. As discussed above, the tuBe bundle may
not include a partition lane (e.g., a single-pass heat exchanger typically does not
include partition'lanes). As such, the partition lane blocking plate blocking area
may be omitted. Each partition lane blocking plate blocking area is sized to be
received within a corresponding partition lane of the tube bundle device. The
partition lane blocking plate blocking area may extend, for example, from
opposing sides of the blocking plate blocking area between two openings in the
plate when the blocking plate baffle is used in a U-bend tube bundle device
having two passes therethrough. The partition lane plate blocking area prevents
( the flow of fluid therethrough. As a result, fluid flowing through the partition
lane is directed towards the tubes of the tube bundle when the fluid contacts the

partition lane blocking plate blocking area.

[0014] In accordance with another aspect of the present invention, a

blocking baffle is located between adjacent slotted support baffles,

[0015] In accordance with another aspect of the present invention, at least
one elongated tube support member is provided to support the tubes of the tube
bundle to reduce vibration. Each elongated tube support member is selectively

located in the space formed between adjacent rows of tubes. The elongated tube



Fig. 3is an end view of a slotted baffle having horizontal slots in
accordance with an enbodi nent of the present invention; Fig. 4
“is an end woewesmhszas vari ati on of the_glotted baffle hawcrgskarnzors al
slots as shown in Fig. 3; WD 2008/045243- 9 -PCT/ U82007/ 021175
Fig. 5is an end view of a blocking baffle in accordance with an

enbodi ment of the present .invention; Fi I S. a sgh tic view
of a tubé“BP%FRsemGgg& ‘PW“&@@SF"&%‘?&BSW‘{CH bﬁW@H&%ﬁEW@EWg@P%Iw resent
inventiory g&gbafﬂes Fig. 7 is a schematic view of another tube stake
used in acRBYG3ACE With the present invention. DETAILED DESCRI PTI ON

OF PREFERRED EMBODI MENTS [ 0018] The present invention will now be
descri beqodr6]gr eat #risdaothet aspect of the present invention to provide a method of

controlling the flow of fluid within a tube bundle device. The method includes
redirecting at least a portion of the flow of fluid in the gap to the tube bundle.
The method further includes redirecting at least a portion of the flow of fluid in
the partition lane to the tube bundle. The redirecting of the fluid flow is
accomplished by locating the baffles at selected locations along the tube bundle.
The blocking areas and blocking plate blocking areas on the slotted support

C baffles and the blocking baffles redirect the flow of fluid away from the gap
between the housing or shell and the tube bundle into the tube bundle to improve
heat transfer. The partition lane blocking areas redirect the flow of fluid away

from the partition lane to improve heat transfer.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] The invention will now be described in conjunction with the

accompanying drawings in which like reference numerals describe like elements

and wherein:

Fig. 1 is a schematic view of a tube bundle having tubes supported using

(- baffles in accordance with an embodiment of the present invention;

Fig. 2 is an end view of a slotted baffle having vertical slots in accordance

with an embodiment of the present invention;

Fig. 3 is an end view of a slotted baffle having horizontal slots in

accordance with an embodiment of the present invention; _

Fig. 4 is an end view of a variation of the slotted baffle having horizontal

slots as shown in Fig. 3;



connection with the figures. Fig. 1 is a schematic view of a tube
bundl e 10 in accordance with an aspect of the present invention. The
“tube bundl wolfyos/eispiart of a tube bundlge device 1 (e.g.,PCI/bgeae7/021175
exchanger or other suitable heat transfer conmponent). The tube bundl e
10 includes a plurality of parallel tubes 11. It is contenpl ated that

the present inyention is,not limted t bes: rather, .it is

cont enpl at ed t gt‘%@“ p%gwgvngf'agi?lhggingg)gfﬁq n.geg aﬁn‘é‘?“’f‘?ﬂlﬁ“d fl ow

el ement s : sconsidered to be well within the
scope of %éogﬁé@gﬁrﬁ*ﬁggﬁﬁﬁbﬁeﬁ%&shom in Fig. 1, the parallel
tubes 11 extend between a pair of tubes sheets 13 and 14. The

t ubesheet 13 rifig. 6ds asélienmtictvitw oif adube stake usedim hdenrdancetwith awusi ng
or shell 20, The tubesheet 13 may al sqQ be a stationary tubesheet that
i s secur egmbedimeng of the present MIVEREOIZARE| ng 20. The tubesheet 14
illustrated in Fig. 1 is a floating tubesheet. The tubes 11 nmay be
arranged in a Figpﬁwg%@baﬁwie\waﬁag&mﬁé taRE GSETYn dcB¥RAKEORith
however, is not~intended to be limted to the parallel tubes

ext endi ngthegkeveaninveptior. of tubesheets 13 and 14; rather, it is
contenpl ated that a single tubesheet may used. Wth such an
arrangenent, .t he I k) | e Si t he bundl e
throughw&&ﬂiﬁm SIIETATSINE 0 IRl 2 55 g side of the
bundle. It is contenplated that the tube bundle 10 will be fitted

-nto the undi ' ddsBshdd RS roatefiaidayi ce 1

Gn a comAOI8E A %ﬁﬁgrgé.ént%e%g%m?%%@ IO ed B onB i Gail BY

[ 0019] Theconubetidmwithehefigures. Fig.dk adelseraatidndb afra tabebundle 20,in whi ch

surrounds the tube bundle 10., There is typically fluid fIow both
sotglndiogd

t hrough tas€0§daFeIwithraniaspeqt @b dhe Bresegy dnvgntipn,, Thi bt ¢ he
tsid f 11. dj =01 4
Poduce 1 PP RuhdfiRy b 1 (Sarh REHRREAREPY by i Gplonde BERGLL D

damage t qonfponkHf)dThetibe biindle 10liscudtes plakiliey dDparabelitdbesall . s enbl y

to reduce vibration in the tube bundl e, which directs the flow of the
fluid towentmplatsdithaidhe presemicipventiom is et kmipd tombss; refentitise bundl e

Fhut o andphrrerierdRaiEs rod i teal Farlderarndl T bl B
10 and avﬁgp]{){rjcﬁg&ﬁdqé‘re%hﬁhéﬂeﬂﬁo ba R BwitRin the Scapenstthe pylegh do not

contain an s towards the tubes 11, heat transfer is irrproved.
[ 0020] | n imcentiodanteshovtrhindrigabpbe panllel fubept bextand batvasniagair athe t ube

bundl e 10 of th i ided_with at |east.

Sl ot t . GubesoSe RGP Ok Rbaihee LR Fra ek RBEMSSRRES SO  havi ng
tical ' f ' 10 t

vert!ca xﬁélﬁ%@ta‘%@lﬁh@ﬁ@g?ﬂﬁﬂ&{ﬁo. ‘i’hehhfefsﬁ%éﬁ? gﬂaé;[ a1 bo' fsﬁ't‘igﬁs L0 Lo

(reduce vi brati on. cking regi.on o IS

conf i gur egbdsheetatiatie sécured, buy peswelded o fhedroubimipide The hebesheat TdDSt
tubes 11 and the_ inside dianmeter of the shell 20 inwardly towards the
t ubes 11.illwstested indBighhis 2 Soguingtubeshect cThe Ges §1 mmay hearsngsd idhace

with an eatiodi qent. of LI P ARSREs R URALHEN Hovdveh IS hbAfdcbaSbe. 2

The slotf
limited to the parallel tubes extending between a pair of tubesheets 13 and 14;

rather, it is contemplated that a single tubesheet may used. With such an
arrangement, the paralle] tubes extend along one side of the bundle through a U-
bend portion and returning along the opposing side of the bundle. It is
contemplated that the tube bundle 10 will be fitted into the surrounding shell or

housing 20 of the tube bundle device 1 in a conventional manner.



30 having vertical slots is constructed froma plate having an outer
di aneter, which corresponds to the inner dianeter of the shell 20

" (The out erwdizameidesof the plate is sloghtly small er thErT/Us2007/021185

di aneter of the shell). The plate includes a plurality of notches 32
and 33 forned therein. It is contenplated that the notches 32 and 33

2 otoh {1108k i actbeitigs BndigaRtiRe AGRERYen 4 g tERPRERD, ikl ' "
cutting, Gidfidhe WHs BandL'ID! ThereSis @ﬂﬁbﬁlgj G A0 6biErouphgheot ches
32 are sized to receive a tie bar 5 tHerein. It is contenpl ated that

the tie HLasids ofithe tabeol Lamd withirctheshelh@ marogs thet atiside oHthedukgsvEl .t he
not ches 32 therein., The notches 33 are sized.tp receive a skid,bar 6
Cher 0i . AsISeisse Bagves UHEGe 5 f09duia TEGHCE T cugps SEuRoar B they

- PCT/ US2 t i i j f: ?fH}SlJo 410
into thquﬁéepﬁl@%%ﬁgpﬁgtdgﬁggeggﬂ}ana ggé ie)q}sﬁrlseal?ﬁgkﬂgﬁé sl ot tgle

baffl e 3Qn dsbanblyabredudeafibrationd th the thbe bandlegviioh idirects dhe Abwtof the
(descri bed bel o and the bl ocking baffles 60 (described below) are

mai nt ai ndthid towards gheotybes bl away fronpihe shall 20iof thetube bundigdleyiced bars 6
d the haffles 30, .4 d., 60 ther. f i gi i ch
Faci | 1¢ apaebldiR et fa GRS sPR e O Erbi e G PR Sl BR

bars 5 a i fhee secur ed
o the noik i) Bidvead] e PGORE ORI bt UPan gy e e

<cont enpl pasitiadrhane(shef thedubdles whidr do sotamdtani ey tibes tavwads ihe thhes 5
do not extend beyopd,the perjneter of the plate. The skid bars 6,
however, ldr ‘F%ltrzilBF{?]ré%(’f% Vet war dl y beyond the perineter of the
pl ate about 1/32 inches or 0.8 mm The skid bars 6 formrails upon

which th e bun i T L gl kit t he
shel | 20?0?200321] Exgieﬁcé:i% g%a&libﬁ\%gtr}gﬁﬁlyé#f %t%f?h%& p%ﬁt?r%fgﬁ g’fmﬁﬁb@pl ate

t owar d t bandleritOesf thé hedtexphaiger il 9s pravidedkwitly ableast odé slofted HaffdeR) ng
area 34 is sized.,to appr.oxi mte ccypy the are et ween, t he tube
bundl o 10a%Ag YeRical HRE. ﬁﬁ}rﬁg@é Battiera0 Rawing vestical slots Broyiies SHPPYE ed
that a s hl: i Laner . : |1
50 and ¢ R0 e Afes 1 ih B dle 96 SRETol VbrhWIE TR bIoBERE ReaibiDE I,

t he bundk®ttéd baffle30 keconkfightedat rbdivet agyB as$ flovbiroskictgeai e 34 is
provided to block the flow of the fluid flowing within the space

bet ween phisrmagdubgsnidl andithe dngide diametter of theshethi) inmsedlyigwardsshes 4

di rects_.the.fl,ow wthig the tube bundl e devi  f th
Chet | S0t e Hatibd B Hhaying yetpat ot i arrdw S 1 w0t ne
flow of EhBb@inkiRasHdresdt® iRAHLR islQsttited it FTY. QV qfhetsl'tﬁteﬁf yatat ency

of the heat exchanger by directing nore fluid across the heat
(exc hange38 haviagosritdal slots is wopstnicted frofoPpatehaving gn ovthedianisterbund| e

e Bt SR T e et o MDD AR B s,
and ver t A i QptAGRalet hall Gelicediificl SR SR, TREBIRE 7 ones
does not jimehiniesatpliratihefhotthiaBY ard 3ifdrmed shartint Meistdohrsnplited Asatsuch,
s the notches 32 and 33 may be formed by any one of several means that is
capable of creating a notch in the plate including but not limited to cutting, laser
cutting, grinding, water cutting, stamping and punching. The notches 32 are
sized to receive a tie bar 5 therein. It is contemplated that the tie bar 5 may also
contain complementary notches to receive the notches 32 therein. The notfches

33 are sized to receive a skid bar 6 therein. The skid bar 6 is provided to ensure



WO 2008/ 045243- 12 - PCT/ US2007/ 021175 desirable to redirect the flow
of fluid within the bundle 10 away fromthe partition | anes towards
"t he tubes WO 20@/45993 ove heat transferll-The baffle 30 i rPETESe8)7821175
| east one partition | ane bl ocking area 35. The at | east one partition
| ane bl ocking area 35 is sized to be received within the partition

| f th he bundl i he, b i iti
| ane® br ocvPRet dhfng s fortok it ARROIPHIS Bt i 30 The' ifeRia ' of
the heat gxeanGafe that MUAIARJHAENE %’@,Qﬁe dibtted bhfIR 40URSSPREERe 10. The

partition lane blocking area 35 redirects the flow of fluid wthin

t he par t iHorizonfahsletst (desoribed thebov L angsthéd blookingHm el lesCrited below)ri ze
t he anount of ,fluid,6 bypassing the tub 11.. This_ al so,.i nproves, t he
ef fi ci en@je aﬁlntﬂ@eﬂéaﬁlwen%rr%mwndi 1S bags rothe skidhad §aPgdte ¢ he
heat exc r . 1:Js. : f i S,
crossfl O%%(g%%pﬁg@%ﬁ g?ro 3&@&? gﬁ)fgg& ﬁné ﬁ ¢ %%’%@%@?qutelgrtr%é %grsnoﬁeoaft

transfer (gofibes ¢4 of thd iehdde/1€. The &k batsoandihie skl bats 6tapepmifaablgxi st
in this type of exchangers without the baffles in accordance with the

present iwelded poothervioe sicasedsiodhe npiches 32 amnd 33 hethsibaftlesB b 405 and 30

i ncl ud | lity of tjcal sl 36 | t ed ' id
of the. pabt 1t ntenpiaisn fiasth R pl 2aie St i FRL R BRHE 538 o °°°
11 ust . . ol . oy .
central - xplbeybd e iR LML Bt T B e D
WO pass estenl roatghrdhhbeyonldethd perdineted of iheg)latelabotth32 aisohes br 8.8 mm.

si ngl e-pass tube bundl e device, the partition lane is onitfed. As
such, ¢ haheisiichbars b4Rrre sl sarapowich dhiaiwbe bundle O adesizatt B lgeOThe
slots 36 ¥ ive and support the tubes 11 of the tube
bundl e 18%@3&%@%%%3?6%? illustration, several tubes 11 of the tube
bundle 10 are illustrated in Fig. 2. As shown, the vertical slots 36
extend i 0021qi r ect Ertentlingtinivardiyp fienatheypepiatgtansiithe phate tosvard ehe

partition |l ane_blocking area, 35. As djscussed above, ,it, ids
cont enpl &erigr ofithe pate iaplackingareabs Thaplacking ases 54 brtizad to

orientations..vertj oL e i i i

Segmont s Raxinifel f@lop I ReR heaNRa T L bl g B fthce
| ane bl ogkiteahaned, Ibistoaytdhaiated thata saedl @dp will fids betweeh theiines al
orientation or vertically oriented segnents with horizontally

ori ent edserfegecofithe shulb2Q and theaguten perisneter ofithe bpllesihiei Rarmitincstion e
hori zont ‘tition. | hor i | pant it t d
por s Vol of fethinld Al i RRS Rl ot AoheRg ol R AGNRE aRE AT bl
segnent Sy, Eﬁ%@ﬁ HOHEWIF e Auf AGNERAVHIAnGRE §ee PRAvden thd BibeBimdRS- t he

tubes 11 1n the bundle 10. A pluralityY of vertically extending ribs
(-37 are pilowhdeik shellt2fe Hadf Bloekidg ardaadhredirbet8 theflownwithindhe ubal | y

between the_slots 36, as_sho j ig. 2. Each rip 3 refera has
a t hi cknburdlgdgyiced aéwgﬂwwﬂg shell £¢’ iaris Ewet"%ﬂaﬁ‘i ﬂ%‘hgé@é@w%llg

adj acent A1 1Rt . i aegH al if.t he
assenbl ylg?gg@géﬂlﬁég]&@@wgﬁ] g&dg@gﬁsﬁé@gﬂﬁ e(ﬁeegg'l ﬁ?lﬁqgg%ggesitﬂ?o t he
bundl e, ~gffidiéry dffiBchédt egtieaiper by dirattingdaabefluidRRrakk it haxt exciange
with the present invention, the slots 36 can be fornmed by cutting,

| aser or suvdaass of thetttheg 1bril1ing and stanping. It is contenplated
that other fabrication techniques are considered to be well within

t he sco t he es LOVERL I I QVil i i apabl e
of cr ealto mlel sl olto'f‘ggg{ihattﬁ? glbéibg'ﬁgi%t@lk‘g@gfg‘?/%qg%&ﬁgg%ﬂ gfr:?g lﬁrﬁ%epll
ther ei n. whicH sepata3& B altRkallwithinahe tbe bualld ehtedistrReNFogpe be
suitable for the creation of nmultiple baffles 30. [0025] The size of

t he baf f The partitionasescdamaetiinelnde any tibss 11 hd'hepetitingdanes may have

horizontal and vertical orientations. Fluid flowing through the partition lanes

does not contact the heat transfer surfaces of the tubes 11. As such, it is



In sonme circunstances, the length of slot 36 may be sufficient such
that the ribs 37 require additional reinforcenent for stability and
" strengt h. Woeesosnddbe acconplished i-qj2ane of several wEET/USHST/RINT
i ncreasing the thickness of the plate. It is also possible to include
at |least one reinforcenent rib that extends generally orthogonal to

the ribs 37. .The ribbs I ntexrcannegt. the rihs.37 for. stability. The
r ei nf orc@ﬁ%‘FﬁbT‘F F%@d%%rﬁgﬁfé\}"eoéﬁ‘&haﬁl lghﬁ%'ﬂ}&? (l)éa},va&ﬁéoé? &e than the

wi dt h of s Jl A ; ' SHSBER The Baf

| et r nPafifidn' .%S%wgﬁ&rtiﬁg 7ih q[lggi‘g]’frcﬁﬂgn{e%g SRt ThE Bt 30 e

exchangelindudes apilensi oipipartitibn dnel bdacking area S50t Thedit beast dre peltitiavi ng
hori zontal slots. Fig.

5 3 i]lystrates,the slotted baffle 40 _havi
hor i zont danedileeking pzea 35 i55izge o be passivedrwithinthe pybitien Janes of B}?emggndl e
10 to reduce. vi.bratian. ki ff 0, .. f.h) | figured
to WO 2%@&'@?@21@}-‘3%&@@#& gy ‘{rig%%%gé’t"?‘i'ﬁi'gg R So Tl Ui d
awnay fropdike: BREI bRERI WiRinoht ehell D@ htdt @ichhfigertiubaabisntt e 10

and the 1 nner surface of the shell 20 inwardly towards the tubes 11

in the bu@s d lhftm\mbdefhunﬁiet beElnepartitim tang blocking anefyfﬁmc}irerqts)Wt he
iti . . £ 1. T 0,i

Camet oo S S B Tel bt T et or h I RO b0

corr espoﬂﬂﬁin{x@ei @Wfﬁﬂﬁﬁggﬁﬁﬁg%&ﬁ:b@g 11 hapshald idfrovd@ep! at e

i ncl udes a plurali notc nd 33 formed therei'n and

(des cri begffafienty dfmhe heatesthamgenby dirbetirg mofOfluidGRARE Ehe leatienchange
inwardly fromthe perineter_ of the plate toward the center of the
pl at e i ssurfases ok theguliee bl -4Fhe presenpeiithis sressBawapmpenent agrogs) types

construction,of, ' ' . '

confi gur ih I weatmngie[ P(# ﬁﬁﬁolgg%ﬁé&ﬁﬁ?fi%ﬁ‘,{ g@?%gqétﬂr%@égg\#@%ty from
the shel lyodfi bBuRTIdS ekidein thhaspd of etchahigers withoatithd! kaflék ino i ni mi ze
the flow of fluid bypassing the bundle 10. This inproves the

ef fi ci enagooodanchavitiethe prgsehbinyention: directing nore fluid across the
heat exchange surfaces. The baffle 40 may al so include at |east one

it bl ogki . A5, L] Lt jon | i
Prea 35, MR par: &7 SRR HEFE: de el uch RORE30 1 Bl araBp S 10
recei ved iRl flots 36 1884tkd bh @PpbARESides of the parthiorbline bidckihg dréd®5.t he

bl ocking area 44, the partition |ane blocking areas 45 redirects the
f1 ow of Theskbtad baffte 3hdlustrbtedbnfig. & idsonfgured fovmseds tehebundies 11 of

t he tube_ bundl e 10.. The.partit,ion.l ane. bl in reas 45 .nedirect the
low of hRUPRaERRPARGOR LA (Foferianin t bRaPHEnBh BIBIR TRV ! e
bundl e 18,405 -l e rhiltCbiaE Bévied). Th thelcRYRATSIMe P tibbBEndid- | 1
single-t Be- pass ®&xchangers, there'may be no partition | anes.
( device, the partition lane is omitted. As such, the slots 36 extend across the

entire slotted baffle 30. The slots 36 are sized to receive and support the tubes

11 of the tube bundle 10. For purposes of illustration, several tubes 11 of the

tube bundle 10 are illustrated in Fig. 2. As shown, the vertical slots 36 extend in

a direction that is generally perpendicular to the partition lane blocking area 35.

As discussed above, it is contemplated that the partition lanes may have

horizontal orientations, vertical orientations and/or vertically oriented segments

and horizontally oriented segments. As such, the partition lane blocking area 35

may have a horizontal orientation, a vertical orientation or vertically oriented

segmenté with horizontally oriented segments. The vertical slots 36 are



[ 0028] As shown in Fig. 3, the slotted baffle 40 includes a plurality

of horizontal slots 46. As shown in the tw pass tube bundl e device

“in Fig.3, woeosias®34o are | ocated onldpposi ng si des ofPaTmgs2pamRilrs on

C

| ane bl ocking area 35. The slots 46 are sized to receive and support
the tubes 11 of the tube bundle 10. For purposes of illustration,

| tub 1.o0f t t ub d.e 1 i1 . ' 3. As
O NI AN ST O R
GEn 21| RSP Ner AR i 0° k000 K gngies 55

cont enpl agled 36tuné atrimsgedaotciotriesponidandke rows dkthe titbes i1 on th bundle 10.
orientations, vertical qrientafions and/or verticall i.ented
segnent s Ampdurabty oforeraeally W@W%ﬂg%éb mrgyldrgé °§3{E%¥a€{‘ié%pa€qq’t i on
| ane bl ocki r . | £ L.ent@t i on IEri cal
ori ent at irbl 3 gﬁ\?ﬁ&% ?%EF% g%ﬁﬁggbogslgé%gh LS W‘Jfrﬁfﬁhfgg: ﬁz{o]r'ﬂfﬂf'1 g-f T"? 3

oriented Jﬁ'@ﬂ:&‘my $as 4 Beclkifish a0 iedlighlptsnallér diaa thaspiclg bdrwethe
hori zontal partition |anes or horizontal partition segnments_and

per pendi cadjavent mbehbl iretheitube byndle 10i dhis spacing@idsiathe asembhf ti ti on
segnents. A plurality of horjzoniall xt endi rphs .47 a oyi ded
ongt he bd?fPFegS BPaIE‘éﬁTF fubgs Lgcﬂé%ﬁ@éyag?‘\%géﬂpﬁglbg{l%]{f}sa%%e?scﬁéeas/hovm
in Fig. 3H§E@a§%d&£1 Bdoeferably has a thickness that is slightly

smal | er e spaci ng between adjacent tubes 11 in the tube bundle

(10. [0029] I n accordance with the present invention, |ike slots 36,

t he sl ot §08%4)can bén acraréanchywitutheipresent inventior, theaslets X ranibeg,
drilling and stanping. It is contenﬁl’%fqﬁ tha(}] ot her fabrication
t echni que8rBeEbY. SHEINGlaser QTavHer GEPPSAHTIHNS aRd el U85 t he present

| nventi on, Bt alibted it findr SBINAINA tbchntRR A Eodisidek Pl Biwall Hihhn 46

that is size O recei ve at | east one 1 therein. is al so
pr ef er ablRe sdve dfftiee prbertdntémiontprovided mechteclmiqueisicapitie of keeating
creation of nmultiple baffles 40. [0030]A vallr'lictﬁtion f the b fHe 40
i s shown 4 slotF3Ggthatyis sized teresei veatdeast pac bibe; grsuy My 5@ predprableos s

"t or Conmibeiing R angS i fifupdiedp e FOfe ShelioTor o hatmeg a0,

have a width simlar to or greater than the width of the ribs 47.

Wi le a qpoz8je ver TheaizerdfthedBaffle 39He based uponshe siae efifecaxetangeatl .
additional ribs 47 may be provided to provide additional st&gi lity.
This is depemeaincymstagres, theolengthrofslot3omay basyifisient syshcikagthg ribseq i n

arger e)g(;lhr%&%% gdditional reinforcement for stability and strength. This can be

accomplished in one of several ways including increasing the thickness of the

plate. It is also possible to include at least one reinforcement rib that extends
generally orthogonal to the ribs 37. The ribs may interconnect the ribs 37 for
stability. The reinforcement ribs would have a width similar to or greater than

the width of the ribs 37. An example of a reinforcement rib is illustrated in Fig.4
as rib 48. '

[0026] The tube bundle 10 of the heat exchanger 1 is provided with at
least one slotted baffle 40 having horizontal slots. Fig. 3 illustrates the slotted
baffle 40 having horizontal slots that provides support for the tubes 11 in the
bundle 10 to reduce vibration. Like baffle 30, the baffle 40 is configured to



[ 0031] Applicants note that the term nol ogy horizontal and vertical
when used in connection with the present invention is intended as a

" poi nt of rebOeweass248 o descri be the ortentati on of the ipgdvus2008R1175
conponents of the baffles with respect to the other conponents of the
baffl es. The term nology is not intended WD 2008/ 045243-

16- PCT/ US2Q07/,Q21175 t.o,descri the ori.entati on of t ff or
conponentieatgsten gl EEREY i M tg Ao fE lsreisecotBF . °!
i's cont enpbab@flditN8tankihRe IiRe NG| of tHeMief2(LinGARIY W a8 thofubegver al
orientations when in use. Thus the tube bundl e device can be in .

gener al ofl iarthe buhdieilfawal frgm the shdlc20 dnd outwardly amglydroreitha i ve to
the horizontal. [0032] The tube bundle 10 of. the heat excha r- 11s
pr ef er abl BRrisien Jagesitoxyards the tphessil. obke é%@bﬁ@e HQF? p@ns@@_cte%%om a

bl ocki ng haffl e. 60 i ' t br uid inwardly
towards t gtetlﬁggl %&tgp{lﬁéﬁ%ﬁgﬁé‘%ghg\%‘tﬁéJr?@?nft(%ﬁ%g%hg{ 20 and

out war dl yeirvniifelenodbf the shall R0! M@ plae enchidesfagplinatic) ef ndicids@dndg
baffl e 60 in accordance with an enbodi nent of the present invention

i s il ust33afosnied therein ang deyeiibag abok e iyconpeetien withibeflleddt r uct ed from
a plate having an outer circunference, which corresponds to the

of "ot cnd0BH o * Bsterding iS5tk hetiingerttink B AR g o 1 Y
peri met erceffer bPtheP1aess h BIGking 4ea 48N RE bitickidpearh a8 at & sinidrocki ng

area 64. The blocking area 64 1s sized to approximately occupy the
(_ar ea bet wenstrudtiontafitiee blowking atéa 3ddThiblockingraread4 scwnfguraddoshel |

S ace BB ot b6 B VR 0RO oot o0
into t etrﬁrg&}qlugﬁh?ﬁgb%wnam% RErfmMiAAhE FIoW Wﬂﬁhﬁ%g&:ﬁss’iﬁ@'ﬂ{eem the

fl ow of wng wthin the gap between thé outer tubes of
t he tube bandid 1@. IThishdptdves thenefficency af thedieat éxechsgrr by2lireclihg more

bl ocking area 64 redirects the flow withjn _the heat exchanger away
1 om t he TBHaRsrospihcbsat ekebangicsustisal-o T PAGe A0 IAY ﬁléot"#gugq #deast

fluid bypassing.t I $:1) : LGl e

neat - exe RORpartsy e HERichg Hhen 45 PikeRE BTG IR TGUnE R £ i

sur f aces partition lane blocking areas 45 are sized to be received within the partition lanes
of the tube bundle 10. Like the blocking area 44, the partition lane blocking

areas 45 redirects the flow of fluid within the tube bundle device 1 towards the

tubes 11 of the tube bundle 10. The partition lane blocking areas 45 redirect the
( flow of fluid within the partition lane towards the tubes 11 of the bundle 10 to
minimize the amount of fluid bypassing the tubes 11. In single-tube-pass

exchangers, there may be no partition lanes.

[0028] As shown in Fig. 3, the slotted baffle 40 includes a plurality of
horizontal slots 46. As shown in the two pass tube bundle device in Fig.3, the
slots 46 are located on opposing sides of the partition lane blocking area 35. The
slots 46 are sized to receive and support the tubes 11 of the tube pundle 10. For
purposes of illustration, several tubes 11 of the tube bundle 10 are illustrated in
Fig. 3. As shown, the horizontal slots 46 extend in a direction that is generally

perpendicular to the partition lane bidcking area 35. As discussed above, it is



[ 0034] As di scussed above, the tube bundle 10 may include at |east one
partition lane. Like the baffles 30 and 40, the baffle 60 includes a
“partition waneshhseaki ng area 65. The partition | ane bl ecrrusguoanmarsos
is sized to be received within the partition |ane of the tube bundle
20 in the rranner descri bed above in WD 2008/ 045243 17

ol oeki o captsariated i Th Sanifipp fAnes mivi i MOREO SR oty Veripa S e
flow of B%r}éhgag%%gh&/o} b@rdggﬂ% gﬁégg@g%ﬁ?r&s Eﬂd"ﬁéﬁ%rﬁﬂgyséﬁ@ﬁ & 11 of the

t ube bun eni ngs ornmed on oppdsi ng sides of

the partistgmentsames dﬂchpﬂae?gﬂﬁroaaaﬂéblomagmpmﬁﬁmy@ﬁvaa&loﬁiox&ale si zed
to receive the tubes 10 o he bundl e 11 therethrough. |n the event
that t he origntationnalverticel orgntatirasorertigablycorisated &egmentsaﬁléb t he number

of open he bajfle 60 ncr n t he

o oub nodoaPoRly BrgBleasteninllt the pRAEGRAFU 7Y BN cven:
that the poHRentAlpatifior Fies Br %ohﬁorﬁalspai‘ﬁﬁ&r @@@n@@m&ﬁ; éni@faeoal , no
partition lanes are present. In such a configuration, l-{,he baffl e 60

wi | | i ncltheteerticali paglitioro laans qgverpcﬁl?;f&]ﬁimwgmtﬁyﬁoiumhw afube bundl e
deV|ce1vv|II nwbe escrib det aj,| age for
t he tube SUH‘EH':@] Gxﬁe§gﬁ’8rﬁl{5r &rﬁﬂr‘g’s}&ri% ﬂ”@%‘&g ¢ 40, gragﬁ gl?cldgbars 6

and the 6 d C uring
the tie Eg{eéhgﬁeta%mkl dSlgﬂqm gs i |fr11“tgj e3'r ggglefcltﬁi‘@g; g?ots giﬁgnd 33
'n the baitkmss dt isélightipdntller ﬂﬁndhsmh@babemadjhbmtml&sbarm 5 and
the skid bars 6 are preferably secured within the slots 32 and 33 by
wel di ng &he wbeabendlgillabl e attachnment nmechanism The slotted baffles
30 and slotted baffles 40 or 50 are spaced between two (2) feet and

five () 4@y, aparin McbhiaPe Fik3h gfegaalﬂéélﬁ MRS SRR Hdkiblsae L

At | east one bl ocki ng e locate et ween the verti cal

and hor i zanbeforkridld lsé&@mwlatbrléuﬂmgldnllmgaﬁl}d@m&pmg.eItrlsgl d cage
has been assenbl ed, yl?ﬁ]e ?%bes 11 of the tube bundle 10
%‘dﬁﬂh'@ 10 by

i nser t edcontewplated thagether fabricatienstechnigpes arg sgusidered do baav

inserting the tu 11 throu the s nd 46 in S

and 40 afs sehee BER ifsehLisRidhtion ArowRical ik So ks bAbak o BRde” g
47 of thgspalbltka iSGizaath ALeKOAPRAG cheltAbé 91 @h@cxﬁuﬂpﬁraﬂso?réﬁ?ébwe for
t he tubes 11. The ribs 37 and 47 support the tubes 11 an revent the

t ubes 11that the fabricatipn tetlmigumbesuitabie for sl ereetion ofinelipld baffles 40. t he
tubes 11 are located within the cage, the tubesheets 13 and 14 nay be

2SR o R i P B

50 includes horizontal slots having at least one vertical rib 48. The vertical ribs

40

(. 48 interconnect the ribs 47 to reinforce the ribs 47. The ribs 48 would have a
width similar to or greater than the width of the ribs 47. While a single vertical
rib 48 is shown, it is contemplated that additional ribs 47 may be provided to
provide additional stability. This is especially useful for larger sized baffles,

which are used in larger exchangers.

[0031] Applicants note that the terminology horizontal and vertical when
used in connection with the present invention is intended as a point of reference
to describe the orientation of the individual components of the baffles with

respect to the other components of the baffles. The terminology is not intended



WO 2008/ 045243- 18 -PCT/ US2007/ 021175 di scussed above, at |east one
of the tubesheets is stationary. It is contenplated that the ends of
"the tubes wanois®is@gured to a pair oflgubesheets 13, oRETIISA0THIIATSY
t ubesheet 13 and one floating tubesheet 14 or one stationary

t ubesheet 13 when the U-tubes are used such that both ends of the

b the.. heet 13. b
bundl e 100 Resariednt gk AR e iR G ampooeft wARBHERC T iHE°S
al ong skiyfl rﬁitﬁiﬁietﬁgﬁglﬁt{ﬁgg ek ItfiBe&nmglal%ma?méquwbxﬂm@aéwc

oriented wthint he tubes sheets 13 are secured to the
shel | 20.1 ¢andaVEAnedif sevesakotiantaiions vehegdp uexi Thys the twlechundiedéxierl| e
10 and the shell 20. As flujd flows withip the shell 20, so fluid
will m granbeinganeral erented Borzantallys werticaly grany, angls selative todfier he
exchanger,. °Thlilt§ effectively |owers the heat transfer efficiency of

t he exch&ﬂﬂé?. lI'he slotted baffles 30, 40 and 60 are provided to
redirect the flow of fluid inwardly towards the tubes 11 of the

bundl e 1Qgo3#)e f| uTHethisbuinllevd bf thetltvat gahangerdsis iprefemblyeptovidedh t he
slotted baffles 30, 40 and 60. The bl ocking a;fglas 34, 4&&%[53 and 64
bl ock anavitheefilgast one hlockingbafflede Thehlocking baffle §Oqs canfigred j sych,

and open deEubE SRR MYRK olgh R tbEY PHAmERBnlc i 307 10
46 and t Bg,np RRIsHRYIEASaRPodRdrdly aGay T teepdriitiorilane of kivbwia Ahe

(t--ubes 11, which contain heat transfer surfaces. The partition |ane
bl ocki ng blocking Bafle49 ingGcordanceo®ithlap skbedimeniiogithe prgsert pvgnépnas ui ds
within th artjtiqn lapnes.in,th ndle 10. As, fl.uid f w thin
the. par t PR¥BAGLAIIE. 1nhpbloekinedheta R0 T FRsEPRsd e rie hatink "6
r edi r ect el b bbAdral ARG ldck BetHeube
bundl e 1@?&%”???2?%1%}30%%%&%@% ﬁ?}f%r%o%t acgt1 wth thectubes 11.
The pl aceh&h20.0Tht peatbafdhides aFlurlitpofindchest32spcEdformedt i ons al ong
the tube bundle 20 is sufficient to redirect the flow of fluid away
fromthe areas within the heat. exchanger 1 that. do t.include heat

t ransf er [W3ent s E¥tendingdnyapdly fipm imegter of gppag%%rgi % es.
[0038]In | L4 tedi i ; ' id k&l fohe shel |
0, the SaiF} LOBARGIFEIREHIREABE, heBIdtiqre A el R TR 20 on.
The ri bs aggroaiiflatélyy occupy the area between the tube bundle 10 and the inner surface

of the shell 20. A small gap will remain between the baffle 60 and the inner
surface of the shell 20 to permit insertion of the tube bundle 10 into the shell 20,
The blocking area 64 is provided to redirect the flow of the fluid flowing within
( the gap bétween the outer tubes of the tube bundle 10 and the inner surface of
the shell 20. The blocking area 64 redirects the flow within the heat exchanger
away from the shell 20 towards tube bundle 10 to minimize the flow of fluid
bypassing the bundle 10. This improves the efficiency of the heat exchanger by

directing more fluid across the heat exchange surfaces.

[0034] As discussed above, the tube bundle 10 may include at least one
partition lane, Like the baffles 30 and 40, the baffle 60 includes a partition lane
blocking area 65. The partition lane blocking area 65 is sized to be received

within the partition lane of the tube bundle 20 in the manner described above in



WO 2008/ 045243- 19- PCT/ U52007/ 021175 on baffles 30 and 40 have
different orientations with respect to each other. The ribs 37 and

"t he surrouwdizoge/dabreki ng areas 34 andiB5 on the baffl e BO/yS206702110%
rel ati ve novenent of.the tubes 11. Depending on their location within
t he bundl e 10, each tube 11 has either one rib 37 Iocated on opposi ng

E:pﬁﬁé. g éqrﬁﬁsét‘i'@mtﬁéﬂ?ﬂ%gréfl%agié BBha5y FiRRE R B e
h b
ocki 19 360R Pk WAUALE: 22 1R R

and the Imt novenent of the tubes 11 in a
di rect i onexichatgery towatdsethe ambes (il awfehemibt bengledile Gierimgs Ghdsk Ghancal | y

orthogonal to the ribs 37. In the eyent that tube 11 bg[?li ns t.o
vi brat e, t&mn enwpaesiag sides of thepartition laps BlpckmgArss 85wilhs opprings

dj t d/ bl

and the S PELAAPRG ReR LS B4 TR ot tugBindie 11 ke, e

on Figs. &eﬁﬁﬂxaﬂthe&ﬁb@aﬁﬁdle 16Gndluddstmiblfipld wreition taneB)BeRDIber of he
tubes 11. Depending on their location within the bundl e 10, each tube

11 has bel dfeaings mﬁ the tafflg 60ovilltincrease tomoo@s;r@d@db@ grsmupings of thee 11,

47 44, 4 i d
o Cthe t doBesh] e;ﬁubrhs%upﬁpeaﬁ%efﬁﬁ@ indhe Brons R Dp soRR eRted He° o,
55 | ocat ef;0le S%%g?ﬁéﬂ %gnﬁél EB%@E{HP:% Thfes at8 rés't:l:'}ts H%ughd the

bl ocki ng aré t nov mant of the tubes 11

(+ n a dir ephifigirdtidn) thedalfle 60 evil dnstudd asiagksopehingpl ate 41 and
substantially orthogonal to the ribs 47 and parallel to ri bs 37. In

t he event that tubes 11 begin to v such .vi Qrati on ur,tail ed
t hrough d883ct wi Hﬁe@ﬁ@rr&gyé?ééhﬁmb?@gn ¢ dgwige drv f % é‘ ﬁ’&g D4 or

54 and 43 ?Jtelfg’etalp OQAQQ%\ Q‘,ﬁgé’ tRE niRftinafke ﬁpls%ﬂslﬁg’ctéﬂ us'ig% ﬁibﬁhezo in

concert e%r uce®vi rat lon of the tubes 11 wth

bundl e 1Gard$itskad Bar@@tansltthé bafflest30f 40,nd\6¥ntThe tigidtcageis folmeed bipes 11
may still be ‘def | ect ed by flow and faqr this reason,_it_ray

desi r abl scewingthedie baé%tﬁ tﬂné lsidihase6 sithie the 16spactve slokhip %‘Fd g%mo@f’v\een

and i edes A i 80rAs Sionh BB bV et O 858 S A8 P B 63
spaced 'gﬁafetmﬁ sé&&é’&@ﬁ&hiﬂ‘@:elaﬁi‘ti BE&n@@B chl&ﬁa d)t]ﬁﬁ switatile n the

tube bundle 10,” as shown in Fig WO 2008 04524
_ PCT/ US2Qefa¢iaaertsechanisim "ﬁheislpttgdmbaﬁﬂ% 30@9d@iottedtb@ff§mﬂ&m5§ aef | ect s

each tube in SI nus i d@‘)ffaSh oin EE%S ten o d| ru i th axij al
shel | si $83¢9 t‘t”'ﬁ%ﬁt"fﬁ aefang fiye ) foet 3’ Mg PLAHEY Bvi ng
heat 11 angb@h in Fy. AL NAY 1HGIGHE bldMing AT ONARY be ldda?éd RtRedpihg! y used

for the purpose ensuring a tube bundle would also lead to a
(heat t r argttiral end Bodgomaltbaffles, as shown in Fig. 1.

[0036] Once the rigid cage has been assembled, the tubes 11 of the tube
bundle 10 may be inserted into the cage. The tubes 11 are loaded into the bundle
10 by inserting the tubes 11 through the slots 36 and 46 in the baffles 30 and 40
and the openings 66 and 67 in the baffles 60. The ribs 37 and 47 of the baffles
30 and 40 cooperate to form a support structure for the tubes 11. The ribs 37 and
47 support the tubes 11 and prevent the tubes 11 from coming into contact with
adjacent tubes 11. After the tubes 11 are located within the cage, the tubesheets
13 and 14 may be secured to the ends of the bundle 10. This is accomplished by

welding or otherwise securing the end of each tube 11 to a tubesheet. As



[ 0041] The absence of conplete support fromthe stakes 70 or 80 does
not, however; dimnish the effectiveness of the baffles 30,40 and 60
"t o supportwoleeosiadb®s 11 and direct thegflow of fluid wRGIESE2007421175
exchanger 1. In the rectangular tube arrangenent, the alternating
vertical /horizontal disposition of the ribs 37 and 47 will result in

the stakeg 70 | each set bein the rib 7 of one
of t he. s e a8k 35 AP bReRes i hlko R CofBalited

the stakegaiifle eh&%fm%&ebé&%an%%eéﬁ&a td egm'omﬁclaﬁ%@w gRral lel.
Simlarly, 1n the triangular tube arrangement, it is preferable for

t he ori erstationary tibetlieet 43 ahd snefloating tubesheet 4 boone stabiengrptiebdsheett o

the ribs of one of the baffles 30 and 40 I(P clfrder to hold the tubes
11 firn yl3ayhemthe Wriebes ase usgd uchithagdoth endsiofdhe jubss are sseursddpr dhe 70

or 80 whi f t

pur pose, A THedEet BE “THEYs bR AR bhE 13CHRG A HRgfhe el 20y
t ube sepaligiigofe BandRSKY Albfg skidbard 6 ttd tHeesHeUN ‘d}rfbetth)e beddle 1Deés t ubes
firmy against the support rods of the cages and have a nechani sm for

r et ai ni ngropesiy operged within thetshell Bant:lucéubns samts 3 e securkto thephell
exanpl e, the tube stakes described in U S. Patent No. 4,648,442 to
Wi am;,2 . S. Patent No. 4,919,199 to Hahn, U. S Patent No.
5,213,155 to Hahn and U. S. Patent No. 6,401,803 to Hahn m ght be used

provi ded J“‘W thei msiisRRSIdAbova] £ Wéh&&%@ﬁﬁ&eﬁth@bﬁﬁtﬁeﬂgfaﬂﬁiiﬁe The
referre e of tube stakes are, "however, shown in Figs. 6 and 7

and di scIshsldaﬂOJ dsUlgd flRavsowithinghe shakzo,aaﬁxetﬂmd\mﬂm:gratartowaﬁatlw S.

Pat ent | 11/ 128, 884 | f

T o ar BRp Aed Hloby et s dan pieh g1 R exaimnees, s Efbiitely Rt ©
/

2008 045%%%@%sﬁ {:ﬁﬁ@f&t&%%g%ﬂg&g“ﬂ&r E!%ttE ek 36e80 40 %Gbﬁre

inserted to sti Ovmtht e stakes 70 belng

i nsert ed prowided tereldirec the HowaoOfluid itiverdly thyerds tHeeubesehl ofithadbandle
baffl es 30 and 40. Wth such an arrangenent, it |s OSSI?A) %;Ior t he
st akes 700 Jmeﬂméé"@wag“ﬂﬂumH@egqprm%lwomcftwahﬂ%ﬂﬂﬁ baffles | es

60. B b 40,
as doscr Dol b5, The HadkfFhntE 2000 h api REHho AR feufilss il 5% 1V,
each t ubgftRNBuidiin the gdpiQuréaN oS Q@hmm@diman&ctwwm}tmwn)
Al t hough insertion of the tube support stakes into the sane tube

| anes at tiwouglethsi sletsi36cadi4orandmpen aredseb6: vl Qﬂ;n'BhfeﬂQWer rfhlelﬂ thrpugh s

ble t k | t t h th
Poeer i1 ot siols 3 dnd e 6 Ghed Brshs B a0a 2| GLORafie PHEF BAF Pafihl L
the stakeg,eagy, %ldhrb?ﬁﬁﬁlﬁqllehm&sfé}%uﬂggesnUﬂmeﬂa?ﬁltlédlﬁﬁe |b?61§k$ng3;§reﬁ§"'e

first location, into even- nunbered | anes "at the second |l ocation
and so oBSa&S;rﬁ@,hMaGb’ é:hgﬂd‘orohhiﬂ)itahe flowr dffhwitewithirsthe pastitiorelanesine set
(10cat| ons. The directi |nser (al. nnent for.the stakes 70
< e fis binde abe Asi SHehintpe nirting Ignee the pagisianlana.o

nanel y, i i I ch
srati on SPESS %snf%@iﬁd GEFULER b i B RS o BE b oR e

al so posgithhiee hibeibiagle 1(Péthithanht flaidkaiesintdeoitdc vl thenakesorl. exi t
regions, or any other |ocations as necessary, to tighten up any | oose

tubes. [ Théplaementof thelhafiles 30 49rand>6msispacstl lacations alangthe Bibes uppor t
70. This bundle 20 is sufficient to redirect the flow of fluid away from the areas within
the heat exchanger 1 that do not include heat transfer elements to those areas

with heat transfer capabilities.

[0038] In addition to redirecting the flow of fluid within the shell 20, the
baffles 30, 40 and 50 also function to reduce tube vibration. The ribs 37 and 47



type of tube stake or support includes corrugations along the inner
portion (wthin the tube bundle) which deflect the tubes slightly to
“provi de rewbDl20esaBpport for the tubes-while, at the SOTAIR00TR21175
enabling the stakes to be readily inserted into the bundle; at its
outer extremty, each stake has dinples which deflect the tubes

Secur ol y SnetitEn 30T 4P hads oliel Ll BROD Wi Hincbld ek Ml o o

undesi r alyg 14 ﬁ{méfshﬂeumin% Bfockimkfeassi4 ARP3 S6h tRObATRB A0 1Mt Me | N
operation. [0045] The tube sUpport or stake 70 is forned froma strip

of netal rehtivh neoveareas of thettubes 1lanBepbeilingsch theirtlbeationbeithihthen t he
t I d f_the | . Inth I t ube bundl e, ther, | b
addi 1 ondrndliod cadt i Hohas pBREDRORD B iorted SRoBo DS ek he
- PCT/US2Q0¢{ 92 1he3iPY7 nd m@am&aﬁggﬁa% IBPzﬂe& UR%PﬁQMﬁg siffel Bfﬁxrt?her
ged'1n s makrng up

t ube rows arrange I'mlar conventional manne e tube

bundl e. e 1 1e oneritsariethepartitidhclare blekingjad€eds [0catvd chshpoking!
adj acent rows of tubes will be simlarly extensive across the tube

bugdl e. Ewpﬁthgéubﬁt]alkeﬂmﬂg%%’/ endithe\docking axges 34 gﬂé?%imi; f
- ' T - '
a1 o7 nat PRy SRS OCLe 406y | £ ek oniaecss 1o e end Sriee 2gte ALY cof

Wth suc LRl : n ' : / or
Corbi nat Ao SuBRARMIS Bitiopo TR ik SN e HBRIHARLLONE EASRY

<[0046] Fi gibrdtei suakhstibmtiea isomtdiked throamghlcentatt with dhxeadjaggoribs 80 f or use
I n connection m&i(h the presept_invention. Tube support 80 conprises
an el ongdh&@r blogkingarsas 3 3%p of two flat strips of netal 81, 82
secured together. The tube support 80 includes at |east one

tube-eng?@;ﬂ zonetRdrivk 29444 the WirtdunBfmgANBAGAE hrea® 44 PS4 adliigs!gzd 11

the art t “vari ous

: 55, as shown on Figs. 3 and 4, on baffle 40 limit the relative movement of the
tubes 11. Depending on their location within the bundle 10, each tube 11 has
either one rib 47 located on opposing sides of the tube 11, one rib 47 and the
blocking area 44 or 54 located on opposing sides of the tube 11, or one rib and
the partition lane blocking area 45 or 55 located on opposing side of the tube 11.
The ribs 47 and the blocking areas 44 or 54 and 45 or 55 limit movement of the
tubes 11 in a direction that is in the same plane as the plate 41 and substantially
orthogonal to thé ribs 47 and parallel to ribs 37. In the event that tubes 11" begin

N

to vibrate, such vibration is curtailed through contact with the adjacent ribs 47
and/or blocking areas 44 or 54 and 45 or 53.

[0040] The use of baffles 30 and 40 or 30 and 50 in concert effectively
reduce vibration of the tubes 11 within the bundle 10, but are not sufficient to
prevent vibration. The tubes 11 may still be deflected By flow and for this
reason, it may be desirable to use at least one tube support stake 70 and/or 80
between the tubes 11 of the bundle 10, resulting in greater axial strength and
minimize vibration. The stakes 70 and/or 80 may be located at spaced locations
between the baffles 30, 40, 50 and 60 within the tube bundle 10, as shown in Fig.



nodi fications and/or variations may be nmade wi thout departing from
the scope of the present invention. Thus, it is intended that the

" present i mverzbesmas@dvers the nodi ficatgons and vari at i @aex/askoozhel17s
apparatus and net hods herein, provided they come within the scope of
t he appended clains and their equivalents. - 23 - CLAI MG 1.

Pocat ad o adoiias Rt cobd dirofrd ARALS brenyinhaind it FfgAA%ki6n
pl ural i t yri§ teﬁ’nﬁ??&dﬁf d%@l%eﬂuﬁ’lad]ﬁil'sﬁie Gy 8RR pPOAEESA croBs-flete rows; and

two or nore slotted support baffle, where each slotted support baffl e
havi ng a colipoakat, shusfimppavieg hegtaransfer olsother wedd, e tabe supuetsdhat t he

plurality of spaced, agpart slots e| ng arranged | al l e, rows,
wher ei n @&g mail Yt’-‘ﬁ%dfaﬂ dﬁ‘apvwsw Sl aaaﬁ tuhepdndiscyRpldalsalead o

receive ol bes t her et hrough, wherein each slotted
support gélf’fl\%gts{fl{%w ngé}{hah ura ’|ty of support ribs, wherein each

support rib is |located between adjacent slots and extends
subst ant i[a#41) par aThelkbsamce bécadpbmas\q)psi'tcﬂmn the stakesvitleoreBndddse
slotted sogport baff1 es bei n& Qcated at spaced | ocations al ong the

| engt h ofof heweyss dijpinshethe BYW%%P%@éﬁlafﬂsto?tq 48 aad §8de ﬁuﬁéﬂ | es
R e e e
to the spagsthuiiatibe hrigentintafc aRELRAGERS vertiRhlIRsRuE dispobiaibh log,
( '_ the ribs 37 and 47 will result in the stakes 70 in each set being parallel to the ribs

37 and 47 of one of the adjacent baffles 30 and 40 so that the tubes 11 are held

by the stakes 70 firmly against the ribs to which they are parallel. Similarly, in

the triangular tube arrangement, it is pi'eferable for the orientation of the stakes

at a given location to be parallel to the ribs of one of the baffles 30 and 40 in

order to hold the tubes 11 firmly against the ribs of that baffle,

[0042] The tube stakes 70 or 80 which may be used may be of any type
commonly used for that purpose, provided that they are dimensioned to impart
the increased tube separation on insertion into the tube bundle to hold the tubes
firmly against the support rods of the cages and have a mechanism for retaining
('_ their position in the bundle at all times. Thus, for example, the tube stakes
described in U.S. Patent No. 4,648,442 to Williams, U.S. Patent No. 4,919,199
to Hahn, U.S. Patent No. 5,213,155 to Hahn and U.S. Patent No. 6,401,803 to
Hahn might be used provided that their dimensions are satisfactory to the
purpose. The preferred type of tube stakes are, however, shown in Figs. 6 and 7
and disclosed in U.S. Patent No. 7,032,655 to Wanni et al. and U.S. Patent
Application No. 11/128,884 to Wanni et al., the disclosures of which are

incorporated specifically herein by reference.



wherein each slotted support baffle having an outer perineter and a
bl ocki ng area fornmed between the outer perineter and the plurality of

‘- spaced apamo mbsi4s243 wher ei n theabplocki ng area bei prgrresaesziasbe
| ocated within a gap between the housing and outer tubes of the tube
bundl e, at Ieast one el ongated tube support nenber, wherein the

" the splBE3F or mdl b kEh B A in B0 SHER o bg e R aulh T

el ongat ed

engag: ng. ot AKE 00 g TRSIRU N HE BuRglc Ao GRAPE. MACPORE b hhocp,
tube s Uppoadjadmnbmebe()ragd l46c aviatﬁ suthi in Arrivtgenienbdt Bysvdbibleofor teen
adj acent slotted support baffle 2. The tube_bundl e device

accor di ng stakes 70ftg erH@@at%W]P‘éq Pigximity taithe blorking bafiflen §0p Breeause
e 1B LRGeS, BB AR o
recei ve tignbtmQessty tdmsky g SR B mfreR M BRe (B¢ dthe lanes
between adjacent rows of tubes 11). Although insertion of the tube support
stakes into the same tube lanes at successive locations will make the bundle
stronger, it is possible to insert the stakes only into alternate tube lanes with the
insertion lane alternating at each successive location. For example, the stakes
may be inserted into the odd-numbered tube lanes at the first location, into the
even-numbered lanes at the second location and so on along the length of the
tube bundle at successive stake set locations. The direction of insertion
(alignment) for the stakes 70 is made to alternate in the same way as the baffles
30 and 40, namely, the stakes 70 are inserted in a different direction at each
station or location where they are inserted into the bundle. It is also possible to
insert additional stakes at bundle entrance or exit regions, or any other |

locations as necessary, to tighten up any loose tubes.

[0044] Fig. 6 illustrates an example of a tube stake or support 70. This
( type of tube stake or support includes corrugations along the inner portion
(within the tube bundle) which deflect the tubes slightly to provide resilient
support for the tubes while, at the same time, enabling the stakes to be readily
inserted into the bundle; at its outer extremity, each stake has dimples which
deflect the tubes slightly in the same way as the corrugations but which lock
more securely onto the outermost tubes so as to minimize the likelihood of

undesirable dislocation of the stakes strips during handling or in operation.

[0045] The tube support or stake 70 is formed from a strip of metal which
* extends in tube lane defined by the tubes 11 on the two sides of the lane. In the

complete tube bundle, there will be additional tubes extending in the row formed



a bl ocking plate blocking area forned between the outer perineter of
the bl ocking plate and the at | east one plate opening, wherein

t he bl ocki W Jabsds€24b! OCki ng area being, sized to be substeandszedzloyiizs
| ocated within a gap between the housing and outer tubes of the tube
bundl e, wherein a blocking baffle being | ocated between adj acent

slotted support baffles. 3. The tube bundl e device acgording to
cl ai m 2, Whacentinuatienof the whe apws,1uth alenfube gays aaﬁ%ge;sidptswﬁ%fn | ane

separating a portion of the.tube t u i r
portion o%"t"ﬁ'g“?ft‘f%é%fm&? nggd'ﬁ)etﬁﬁg%bcﬁ @?xd@a@ﬁﬁ%ﬁ%?&g@%&&%@% %I east
one bl ockiunfladiadeht Foviedid\ethet adjgast reweoPabid wilbbe sintiRirly exedrishg pl at e
bl ocking area”forned therein, wherein each of the at |east one

partiti oradressehdhbekiundlep| Bach thbostkkand0 hastransyersg rews efiraisedube-

received withjn a correspondi ng at | east one_.partition | ang of..the
tube bundigaging zones, The BIbeANEABNS ZPRETTBAY DS FOruadk a5 TRy b ALFBAing

wherein t i : iet i separ ati ng
a porti on‘ngﬂ#hb@ %@g‘é&gmﬁ?? ﬁ%%rhgﬁﬁg?% @%Hgﬁot gjré‘%gﬁni on of the
tubes of drhmgbiient dunples 71whe/osicorregations(72tane/cricolnbasdtions §3 sktentled
support bafflge having at | east one partition |ane bl ocking area

f or med t Heeiopposingsisies o therstgder 70-t i on | ane bl ocki ng area being si zed
to be received within the corresponding partition | ane of the tube

bundl e. 05 T ' i ' : i
(e:(?h Cupdd0fShoai 11 €5 PR o o G0 ABRubPol s e TP T
{of slots dbaho@idronith @k srsdit nventien oTub® suppord 8Redmpriezsparelorgated | ane

bl ocki ng area between a portion of the bl ocking area and the
parti ti orfldtamembgronadensp of ep flatratrips ofrgetal 81, 82 segquigddegrihesr Jls of t he

plurality of sl ots, bei | ocat ed _on ,anot her side gf the partition
| ane bl o&gﬁ?@Pﬁ(ﬁ’&@&ﬁaﬁﬁﬂﬁﬁé’F %lf)er'?l?%ﬁmcgfzqnﬁeg%bl ocki ng area and
the partition | ane bl ocking area.
[0047] It will be apparent to those skilled in the art that various
modifications and/or variations may be made without departing from the scope
of the present invention. Thus, it is intended that the present invention covers

the modifications and variations of the apparatus and methods herein, provided

they come within the scope of the appended claims and their equivalents.



6. The tube bundl e device according to claimb5, wherein each slotted
‘support baffle further conprising: at | east one reinforcenent
rib extending in a direction substantially orthogonal to the support
‘ribs and the slots, wherein each rib intersecting at least one rib
and at | east one slot. 7. The tubeyj,bundl e device according to

claim1l, conprising at | east one first oriented slotted support
baffl e and at | east one second oriented slotted support baffle,
wherein eacrbﬁhhgge first oriented slotted support baffles being
spaced froman adjacent second oriented slotted support baffle,
wherein the plurality of spaced apart slots on the first oriented
slotted support Qaffle having first orientation and the plurality of
spaced apart sl oBs oni(Wgeé‘é‘%tlﬁ V&©i ERPEEE] ot t ed support baffle
havi ng a second qmeahati on, which is different fromthe first
orientation. 8 he tube bundl e device according to claim?7,

wherei n the t ube atsehedradledoqateg within ghedrouging viherain thegnbe tamdledupeat i ng
a portion Oéh%aﬁgggﬂﬁg?%&m@gfp&gﬁﬁt@H&Q&Eﬂ%&BﬂM&Q&&Q?&KportIOn of the

tubes of th
two or more slotted support baffle, where each slotted support baffle having a

plurality of spaced apart slots formed therein, wherein the plurality of spaced apart slots
being arranged in paralle] rows, wherein each of the plurality of spaced apart slots being
sized to receive at least one of the tubes therethrough, wherein each slotted support
baffle having a plurality of support ribs, wherein each support rib is located between
adjacent slots and extends substantially parallel to the adjacent slots,

wherein the slotted support baffles being located at spaced locations along the
length of the tube bundle, wherein adjacent slotted support baffles having different
orientations such that the spaced apart slots of one slotted support baffle having a
different orientation when compared to the spaced apart slots of an adjacent slotted
support baffle,

wherein each slotted support baffle having an outer perimeter and a blocking
area formed between the outer perimeter and the plurality of spaced apart slots,

wherein the blocking area being sized to be located within a gap between the
housing and outer tubes of the tube bundle,

at least one elongated tube support member, wherein the at least one elongated
tube support member being selectively located in the space formed between adjacent
rows of tubes, wherein each elongated tube support member having a tube engaging
zone for engaging an adjacent tube in the tube bundle, wherein each of the tube support
member being located within the tube bundle between adjacent slotted support baffles.

2. The tube bundle device according to 1, further comprising at least one
blocking baffle, wherein each blocking baffle comprising:

a blocking plate having an outer perimeter;



wherein each of the first oriented slotted support baffle and each of
‘the at | east one second oriented slotted support baffle having at

| east one partition | ane bl ocking area forned therein, and

Aherein each of at |east one partition | ane bl ocking area bei ng sized
to be received within a correspondi ng pg_;tltlon | ane of the tube
bundle. -26- 9. The tube bundl e device according to claim 8,
wherein each of the first oriented slotted baffle and each of the at

| east one second P{eh&%ﬁggla&' cong fnd sBUPRYEL Wt{h@%@egwﬁg Wndle a

first group of slots and group ot space From the
first group tlofrethtoogls, andd separated by a partition | ane bl ocking area

wherein the at | a2ekBisale bloilReapn et Feitiee Tremba tuehgol Beat oo
bet ween adj a3tRRingfpldts indiht enlead oadflafepemidg Or i ent ed support baffles.
wherein the blocking plate blocking area being sized to be substantially located
within a gap between the housing and outer tubes of the tube bundle, wherein a
blocking baffle being located between adjacent slotted support baffles.

3. The tube bundle device according to claim 2, wherein the tube bundle
having at least one partition lane separating a portion of the tubes of the tube bundle
with another portion of the tubes of the tube bundle, wherein each of the at least one
blocking baffle having at least one partition lane blocking plate blocking area formed
therein, wherein each of the at least one partition lane blocking plate blocking area
being sized to be received within a corresponding at least one partition lane of the tube
bundle.

4, The tube bundle device according to claim 1, wherein the tube bundle
having at least one partition lane separating a portion of the tubes of the tube bundle
with another portion of the tubes of the tube bundle, wherein each of the at least one
slotted support baffle having at least one partition lane blocking area formed therein,
wherein each partition lane blocking area being sized to be received within the

corresponding partition lane of the tube bundle.

5. The tube bundle device according to claim 4, wherein each support
baffle comprising:

a first group of the plurality of slots being located on one side of the at least one
partition lane blocking area between a portion of the blocking area and the partition lane

blocking area; and
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a second group of the plurality of slots being located on another side of the
partition lane blocking area between another portion of the blocking area and the

partition lane blocking area.

6. The tube bundle device according to claim 5, wherein each slotted
support baffle further comprising:

at least one reinforcement rib extending in a direction substantially orthogonal to
the support ribs and the slots, wherein each rib intersecting at least one rib and at least

one slot.

7. The tube bundle device according to claim 1, comprising at least one first
oriented slotted support baffle and at least one second oriented slotted supI:Jort baffle,

wherein each of the first oriented slotted support baffles being spaced from an
adjacent second oriented slotted support baffle,

wherein the plurality of spaced apart slots on the first oriented slotted support
baffle having first orientation and the plurality of spaced apart slots on the second
oriented slotted support baffle having a second orientation, which is different from the

first orientation.

8. The tube bundle device according to claim 7, wherein the tube bundle
having at least one partition lane separating a portion of the tubes of the tube bundie
with another portion of the tubes of the tube bundle,

wherein each of the first oriented slotted support baffle and each of the at least
one second oriented slotted support baffle having at least one partition lane blocking
area formed therein, and

wherein each of at least one partition lane blocking area being sized to be

received within a corresponding partition lane of the tube bundle.
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9. The tube bundle device according to claim 8, wherein each of the first
oriented slotted baffle and each of the at least one second oriented slotted support baffle
comprising:

a first group of slots and a second group of slots spaced from the first group of
slots and separated by a partition lane blocking area therebetween.

10.  The tube bundle device according to claim 7, wherein the at least one
elongated tube support member being located between adjacent first oriented and

second oriented support baffles.



