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[0001] This invention relates to tube bundl e devices such a hee}t ,
exchangers, cBRIYALESY and sinilar fluid-handling equi prheAtUSHrTHoe3

coll ections of tubes or rod-like elenmentd- for exanple, in devices such as
nucl ear reactors, chem cal reactors, electrical heaters, or any collection
of parallel cylindrical shapes that has a fluid fl ow passing over the tubes
or other elenents. IpISPUACEABLE BAFFIE FOROA HEAANEXGHANGERS to a

di spl aceabl e baf f \RIPMIBERDY FOR REDUCENGWIBRATIONCOFTEREISXIVIH th t he
bundl e to provide support to the individual tubes within the bundl e and
reduce vibration. The present invention is also directed to a nethod for
reducing vibration in a tube bundle in a heat exchanger. BACKGROUND OF THE
| NVENTI ON [ O002ELLDO@F U#R [ INVENTPONNt such as shell and tube heat
exchangers and other simlar fluid handling devices such as flow danpers
and flow stralj ner§.utilize ' ' I t he
i ds-thr oughUOAE " ectibireshdSh SHRER HEMRU ReP U EhehCoRRRAEY, |
fluid flow botéhdehsepsightl ditnélat flaiddeandfing bguipmbesvigncblictiossoftthisesaurt si de  of

the tubes. The configuration of the tubes in the Qundle is set .by the
t ubesheet s i nfs-Ws Aemene fop prample-dngayicessysh @y ﬁar(fSarFft‘?réucﬁﬁfr%#( for the

tubes is the paelANGIERIcaPheatdidr Gnd C5NRLiDR B PhrhllellYAndid shaRt tHab 2al i gned
rows with tube lanes (the straight paths between theé tubes) between each
pair or rows, hasl 4 fwiddlowr paseipgreakt thettebes e othgoelements| dn paitisukaprtheit i on, each
tube is adjacent to eight other tubes j r t he tube
bundl e and i spﬁferniéqvlei}g%rbbeg%t?? {eo aaéllg@??egisg%gﬁgileﬁ%r siuggcé&g@%g% f?ﬁg;etlhbe | ane
separating it sormewidn with tHiehundt: tddjradéatupponso tHenintiividual tubegulithin thabe

formation, the tubes in alternate rows are aligned with one another so that
each tube is bundleand reduce vibration. The present invention is also directed to a method

for reducing vibration in a tube bundle in a heat exchanger.

BACKGROUND OF THE INVENTION

[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 rows 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
sebarating 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



WO 2010/ 056335PCT/ US2009/ 006093 2 adj acent to six other tubes (the two

adj acent tubes in the sane row and four tubes in the two adjacent rows).

[ 0003] I ncreases .in t hroughput in existing exchangers ar i.red
either to réﬁﬁ&@”@ﬁ%?&al cost by reduci ng equi pnment si?gqéﬁﬁﬁggﬁﬁgrease
productivity factors. A comon limting-Bactor experienced when eval uating
the increase of rates in a heat exchanger is the potential for flowinduced
vi bration danage of the tubes. Fluid flow patterns around the tubes may
give rise to hijavent relsig @they inibea(themso adjacent outgain thedame rownddfowsci | | at ory
nature in the tube bundle and in the case of devices such as heat
exchangers i nthiss 8hthedwe adiagefdrewsk akes pl ace between the tubes and the
surrounding fluid, the changes in the velocity, tenperature and density of
the fluid as it circulates and flows around the tubes nmay increase the

| i kel i hood of [000B} at ilocreadek in Hhesughpubingixisting exemopers ara efitgn dasired eigher

anplitudes, damage to the bundle nmay result. .Tube vibration, pr.obl ens may be
exacer bated i f° ‘feﬁéc%@aft&e‘i?(?ﬁ@hﬁg}‘maéﬁﬂwmw e ?rgtf’ lﬁ%cer%as\%jp{%dl{%&ﬁg)é of a

di fferent natefidb AQohiforPlim@idtfaciotBgferieh@d wiaghating thedhedehseadfy stiff
materials are replaced with lighter meiqht t ubes. Fl owinduced vibration

may al so occurateshian heatesshenger issthp peteptial for Howdpdiced yHupten dmaesinds, for

l e, wh i.Std ' : i
exampl e,  whenSIRL. PN, SAIEA he WRILAYSH NG @ RAEHdLS! Y

at exchanger, er new con cones subject to
f1 ow i nduced vibbativin 0fisn oNdahizad borandem csvitlatope natnranribetubd bundleanden t ai n

condi ti ons when a he exchanger, is still in th I stre but w t hout
heat transfer ﬁ?&ﬁ?%@fa‘iﬂvéffés cpt ed‘é:h?qgeﬁst ‘Hewhlglh&%ﬁ?gaagﬁ @g]gs ééna‘fen

col | ections OfethRES tHRubRGnkitkEs Bl RABME Fuid) tRe EAPesSinitBamelstity) Oor Wi t hout
heat transfer. [0004] A nunber of different equi pnent designs have evol ved

to deal with tempepteisianshdensitutfehe flbidasiiorircuties addimysearpand e ksg baf fl e
dest om0 UL RrSEUIRRTE B R bl s iRt coyahaner
vi brations. Theapltdes, dhahid ©'the bhmtls ntag resd. 20O N6EBERCHI0B2089bO06093

exacerbated if the heat exchanger equipment is retubed with tubes of a different

material to the original tubes, for example, if relatively stiff materials are

replaced with lighter weight tubes. Flow-induced vibration may also occur when

equipment is put to more severe operating demands, for example, when other

existing equipment is upgraded and a previously satisfactory heat exchanger,

under new conditions, becomes subject to flow-induced vibrations. Vibration

may even be encountered under certain conditions when a heat exchanger is still

in the flow stream but without heat transfer taking place as well as in other

bundle devices with collections of rods or rod-like elements in a flow stream

with or without heat transfer.

[0004] A number of different equipment designs have evolved to deal with
the problem of tube vibration. One example is the rod baffle design. Rod baftle
heat exchangers are shell and tube type heat exchangers utilizing rod baffles to

support the tubes and secure them against vibrations. The term "baffle” refers to



3 the cages, placed every 15 cmor so along the Iength of the tube bundle,
in which the ends of a plurality of support rods are connected to forma

cage-li ke tube s ort structure; hence the term"rod bal,fcfr} ;009/53(3&3_baffle

uppc
exchangers, h‘é’{%%@?ﬁf’%nd to be approxi mately 30 to 40% roré expensi ve than
conventional shelland-tube exchangers and-there have been situations where
t ube bundl e devices of this kind have failed owng to fl ow i nduced
vi brations. The rod baffles nust have very precise dinmensions. If the rods
in rod baffl eshedages Iplaghd byeryridensozedhlongthe laigdt dfthe wblelbuadieyin whicht he
rods are slightly oversized, tube loading will be very diffjcult and
expensi ve. Rothesds pEaR ?“%)@éﬁ‘éﬂi{j’étrré’g%ﬁré cquucetodyadornt g cags; ’ﬁ?)f“i’,e in US.

Patents Nos. gy 390nk& HEREL ¥ t&in Gbd baﬁgaﬁﬁocﬁ%ﬂé &éﬁ%ﬂ%&r&;ho@ve@é@ 665 to
Gentry; and 5,642,778 to Gentry. 100051As described in U'S. Patent No.

5, 553, 665, cetandita bappprogandtelyS0dd 40Uempreccxberish Veethde sorrentoedd shell-
gas- conpressi gn | ications benefit fromlongitudinal -flqw. with
Thel L o e pr RGP o ERina8R g TMern FAe éon o1oPflont hets b Buidse e,
pressure | 0ssesthielin®d BaRcRABPbivetped fitw-intiut&psibrgiohd dTRafdd R fEeaaiag,

t her eby reducing the nunber of rod baffles, or bté decreasi ng the nunber of
t ubes by i ncr BH& gy presise dhmensiansh Iihgwedsiip rod paffles aneislightl s vagdretizaset ween
two adj acent . > ent g S.

I ncr easi ng ba@%h&%wﬁg’%f‘? dgﬁgﬁpé/&ng%ﬁ%%ﬁlﬁﬁ%ﬁ %eg%%ditl%fmgpﬁce

i ncreased baf érg dsffiacit agd Exyreneiars e Rotlbeffld heat exvhangers arkldeseribedyfoed t ube

vi bration occurrence. . This rod baff Si represe attenpt to deal
with the presgwqﬁlﬁﬁy'%'r%‘f'gwgﬁf‘;’i‘ﬁeg &B%fyleéa@oﬁ?%%ﬁ%?ﬂ $00061An
al ternative dgssyees o Ghary:REISIARE 7850 PRARY. desi gn. This, however, is even
nore expensive than the rod baffle design. Like the rod baffle, the

eggcrate is also susceptible to tube chatter that could lead to tube
(e ot tst o WIS, o RS SR U P ec s
requi red to alfolddaffle dedign suol as pasecdmprgssidreapiplibetions mayughefihomggcr at e
support when I%Qgeltutt):ﬁlrpacli—l owir,swi esihréﬂ—s(l: engrggsﬁ?é l%gs'es to be minimized. Reduction in
shell-side pressure losses may be accomplished by increasing rod baffle spacing,
thereby reducing the number of rod baffles, or by decreasing the number of tubes
by increasing the tube pitch dimension, i.e., the distance between two adjacent
rows of tubes as measured from the center of the tubes. Increasing baffle
spacing is usually not an attractive option, since increased baffle spacing
increases the likelihood of flow-induced tube vibration occurrence. This rod
baffle design 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,
hc;wever, 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



[ 0007] Besi des good equi pnent design, other neasures may al so be taken to
reduce tube vibration. Tube support devices or tube stakes as these support
devi ces are conmmonly known (and referred to in this specification) nay be
installed in the tube bundle in order to control flowinduced vibration and
to prevent excessive novenent of the tubes. A nunber of tube supports or

t ube stakes have been proposed and are commercially available. U S. Patent
No. 4,648,442 to Wlliams, U S. Patent_%b. 4,919,199 to Hahn, U. S. Patent
No. 5,213,155 to Hahn, U S. Patent No 401, 803 to Hahn and U.S. Patent
No. 4,475, ﬁﬁ&ni@tﬂgﬂmmfbef, tievapp g e%,@@telslap ot ffleonetht buydksisdeiigibe st ake
or tube support which can be insert nt o t e tube bundle to reduce

vi br at i on. cgr3008iednpr oved tube stakes are also shown in U S. Patent No.
7,032,655 to Wanni et al., entitled "Anti-Vibration Tube Support.” The use
of the tube stakes taught by Wanni et al. have been found to be

part i ot ar o3} " eohENfe! Do @UGRARAY OGB! Glel Achuhe BrBdles ne TSGR @

espeC|aIIy use ' re g exis i ng and comonly
assi gned UgdRad albe viBRItionat T Sipp oﬂﬂde%@&sﬁ%u&@mw&ﬁ ihebe sumsort/S

2008/ 0245515 Al) to Wanni et al., entltled "Reduced Vi bration Tube Bundl e
Devi ce Havdewic&| art tothnBardlfy|kemwn (and rdfenddoiounaghisfspepifichtipg) imaydrepor at ed
specifically herein by reference, dlscloses he .use of slotted baffles to

support t héSlsddn ¢ia fibs bungle ingerd snmw@ro erirw agion andfo Type
t k Li k h d 0 d
BT S TP AR 1t

that the b@&ﬁég@favbrbeeﬁgb %u%dvar& ?oﬁﬁﬁ%&fa@q&%aﬁummstmeﬁm@s and

reduce vibration, as s here, "however, is a need to reduce

vi brati on 4,648 4b230 Wiildhes, WS ﬂmmmﬂ*l@ 449139 d>99ttd51é1a1hnbe1 Stlzdtest Mepeci al | y
for use, for exarrpl e, in new tube bu MVARY OF THE | NVENTI ON
100091 It 3.31%A5adp&lahngt).$ h%atgmelgené 4thﬁ8ﬁttp&lﬁhrbar}§¥ bvt-datentthNee bundl e

d bl.e, baff |
i chsupiBITEOBRE Tabkelof fiemels e T EEN o R LB R B ol ogy
I's used by élb?bfrt%lg%ﬁ%ﬁﬂ'b% méértddsln?&ﬂ{eetm%%h gielt E%g &ewl%ﬁﬁﬁﬁt invention is

not limte rat her, I'S contenp ate at the rods and ot her
heat transfer or fluid fIOM/eIenents may be enpl oyed and are considered to
be well within the scope of the present invention.
[0008] Improved tube stakes are also shown in U.S. Patent No. 7,032,655 to
Wanni et al., entitled “Anti-Vibration Tube Support.” The use of the tube stakes
taught by Wanni et al. have been found to be particularly effective in reducing
vibration in tube bundles. These are especially useful in retrofitting existing
bundles. Co-pending and commonly assigned US Patent Application No.
11/905,694 (now published as US 2008/0245515 A1) to Wanni et al., entitled
“Reduced Vibration Tube Bundle Device Having Slotted Baffles,” the disclosure
of which is incorporated specifically herein by reference, discloses the use of
slotted baffles to support the tubes within the tube bundles, as shown in Figs. 1-4.
Tube support stakes, like those disclosed in U.S. Patent No. 7,032,655 are used
to deflect the individual tubes into contact with the slotted baffles such that the
baffles in combination with the stakes support the tubes and reduce vibration, as
shown in Fig. 1. There, however, is a need to reduce vibration in tubes bundles

without the use of the tube stakes especially for use, for example, in new tube

bundles.



[0010] It is an aspect of the present invention to provide an inproved tube
bundl e devi ce, which provides increased tube support to reduce vibration.
The tube bundl e device includes a housing, and a tube bundle |ocated within
t he housi ng. The tube bundle has a plurality of tubes arranged parallel to
one another in tube rows. The tubes nmay be arranged in a conventi onal
rectangul ar configuration or a conventional triangular configuration. The

t ube bundl e device includes at |east ong_di spl aceabl e support baffle. Each
di spl aceabl e support baffle has a plurality of apertures formed therein.
The apert u§eM R £RY OFITHE IRVENTION | east one tube therethrough. Various
aperture cUﬂ?%gUTaTTUﬁ§_ET§—EﬁﬁT§ﬁﬁT5Ted. The apertures nay be sized to
receive a single tube therethough. The apertures may be forned as el ongated

slots to receive multiple tubes as disclosed, for exanple, in co-pending US
Pat ent Appl0084t i onltipan aspagdof doupresely lamtl%hf@opr%ld%§ @%@Mﬂﬁ%@%@cw )

filed ber 3, 2007 i tled, " Reduced i Havi
S ot s ed soers e hedtqishitucF Bting B fodih P Aol 1o WP "0
their ent iﬂl@gﬁfbes-riﬂeth@Bﬁﬁ@l}ércféiféé@yﬂ?@u%)éf%@ t%nﬁblfag%'fsee@eé b9tway or med from

el ongated rods or bars secured to a cage, as disclosed, for exanple, in US

Pat ent No.exé&ndill8, Tili§ canttnySafkal that thipresend Tidyemidbn ibadhlisteidttb¢ubesReduced
Vi bration Tube Bundle," the disclosures of which are _incaorporated by

r ef er ence fatherhigiis cemempéateé shat thyr e andosberrttranszy 00 fboddoyy 6 10011] 1 n
d ith th t | tion, h, di spl t paffle h
e eaot celPmets ey B Shble SraBis nsRERLf SORERSEING BEREoRS eblle, & "¢

sel ectivel i | e between a first | oading position to facilitate
posi tioni r%egéfrﬁ%e g@pl aceabl e support baffle on the tube bundle and a

second installed position causing deflection of the tubes passing through
the plurality of apertures. At |east one first fastener is provided to
secure or [08il0} ai nltishan pspect ofithe presénd inyendion togupriglepwsinmproned fthcer

I ti t he displ. | t baffle jn th ired | Ny I th

i o of 't el ACY GRaY BBV RS et erscsuby sigtort BLteeigs \TEBPRndRel oosencd
Gl BiCh 30T 0

ot her o tHEC BRI e e AT oudlngs A BQhe 1RO O CERRERR he o e,

bol ts or apysideThSHibeaRindild B§§@Pﬁrraﬁﬁyaéftﬁaésﬂalahﬁgedman@lrtbicsmas_ in the
first position while being installed, but can be renoved to permt

di spl acememiotlafr ih hebepmws. ofibe tubes measbe arrdngadbin 4 convdntiongl metangudrat ed
that the portions_can be either brpugh{ cl o?,er t_ogetﬂ}er %{3 spr?a(g f.urt her
apart in taeafigasdinn oma cenyeadiopakirianghlas configrentions Theube hywdlededss g

t hrough the di.spl aceabl e support baffl e d ck-eqh. ne second
f ast ener iIEClblfi&%?ﬁffas %es‘iéﬁlﬁge@lle ﬁ’éﬁ’%qrg%ﬁ}ehgéép%r#l?}gﬁgé%b%& S @Osrgcond

i nstal | ed peap b QQleHAﬁQSSP 18$ FSRRI SRR PE hel apeRBressE 81 d tOl t S,
wel ds or any other “suitédble Tastener that maintains the portions in the

second i ngtedivedt pasi énotmube Therefiresgint Vianioestapertutescondigurati@mscded t o be
limted to a first portion and a second (gortio,n, rat her any nunber  of
portions qostareplatashnl hewpertwes oydhfptiaed P mesicdetingledupethsrehioughn be

di spl d | ati h h i i.d
def ot t orl a8 T FRrRdes & g Lso SR SHRE SUBPBEREETE i anot ner
aspect of cfiglﬁ?@de?&néxggﬂ}%’lﬁ g &Qgeﬁ&in%%?a&'ﬂ?&é@tﬁ%éﬁoﬁ NRNIegopet ween

the portions to provi e neceéssary spacl ng ween the portions such
that the tubasplBhe@hs €13 2008924 5%1 AN ifides on Drobach 207 asttithat s are t hen

used to sg‘(I:{uerdicéc? %i &Ei%ho{lfbeaélgnélg%évqgg rStlgttei:dnttbﬂeei:SE” glreo isecrlosOL{rie%rtlt ation.
which is incorporated by reference in their entirety. The apertures may be
formed as elongated slots formed from elongated rods or bars secured to a cage,
as disclosed, for example, in US Patent No. 7,219,718 and US Patent No.
7,073,575, both entitled “Reduced Vibration Tube Bundle,” the disclosures of

which are incorporated by reference in their entireties.



WO 2010/ 056335PCT/ US2009/ 006093 7 [0013] 1 n accordance wi th anot her aspect
of the present invention, the displaceable support baffle is used in
conjunction with at_| east one fixed baffle. Each fixed [,hg a
plurality of WRBeMPU¥eY that are sized to receive at Iea??kéﬁgmg®&b e tubes
t heret hrough. The at |east one fixed baffte and the at |east one

di spl aceabl e support baffle are spaced along the |ongitudinal axis of the
tube bundle. Preferably, each displaceable support baffle is spaced from an
adj acent fixed baffle. Wth such an arrangenent, when the displ aceable
support baffles are |l ocated in their second install i tion e tubes

. t
are defl ect ed[00131if f iIneesrrdanes it @aewswﬁa@vqnﬂ@n{%ﬁﬁ%ﬁ%@%%ﬁ%%%? t he
fixed baffle S8 kARl ROt QB b TIbA, WG hpIfordsnd aFeduci ng

vibration. [0 I'n accordanc yet another aspect of the,Present
invention, a sklspivatystitplacesbippetwechaffitsdofding pesitiomtas{apidate PAYUANIBEUral i ty

of tubes in a be.bundl.es is di,sclosed. The di e t baffle
i ncl udes at | 8%'3? déﬁpr%CF%‘ﬁe Syeper bé‘ﬁ o g’@&%%)uﬁ]ldgetoien%c%%ghg%ﬁgﬁgg aving a
plurality of gpgnddEaRsingUechBEtidn§TtRE AibesThisitiz sloagle afel umtippof dpettafes| e

having at | east one first fastener assenbly for securing the plates

t oget her in aAtleagtonedieti fagiensds Progided Theschresqy aatyl e DOFHASID B f | e
further inclu - oly t asis ettt bAtle$£GH4r i Ng the

pl at es togeth§§§ﬁﬁhg@§%%%ﬁ"?H%?gﬁﬁgaéggéﬁﬁﬁ%ﬁ. ?Og@%]lt ig anot her aspect
of the presentesired éotatiomaloag phicaxiclef the tabelbaddlef thewp frastdnedfirat fastbeerbuind| e

having a plurality of tubes arranged rallel to e_anat her . i e rows
and | ongi t udi R sgneég&réﬁrapﬁﬁf-oﬂ)egng%}sgtatcprgﬁntgoefﬁ-@; g?rlnﬁnf)\évrl%lr S_é)lte&?o t he
plurality of {daes othEP® HBLEQAIpISHiIUAECThe Be Fishdhett mheBS tlagtie, drap, aceabl e
support baffle on the tube bundle along the |ongitudinal axis. Each

di spl aceabl e belfsprany ogher beitabdy fantgner thatunainiaing tBe perhient Uy %8 8y ned therein
R LT
plurality of pg€ibhdtioase second position. It is contemplated that the portions can be

either brought closer together or spread further apart in the second installed

position provided that the tubes passing through the displaceable support baffle

are deflected. At least one second fastener is provided to secure or maintain the

portions in the second installed position. The second fasteners may be clamps,

screws, bolts, welds or any other suitable fastener that maintains the portions in

the second installed position. The present invention is not intended to be limited

to a first portion and a second portion, rather any number of portions greater than

two are contemplated provided the portions can be displaced relative to each

other in order to provide the necessary deflection of the tubes within the bundle.

[0012] In accordance with another aspect of the present invention, at least
one insert is provided between the portions to provide the necessary spacing
between the portions such that the tubes are deflected by the portions. The
second fasteners are then used to secure the portions and the inserts in their

proper orientation.



8 located therein. The nmethod further includes displacing the portions with
respect to each other to an installed position and securing the portions in

the installed pgsition. The tubes passing through the di |l e baffles
are deflectedw§ﬁgwmﬁﬁ? portions are displaced with respgi?hﬁgﬁg@gﬁsother.

BRI EF DESCRI PTI ON OF THE DRAW NGS 100164The invention will now be descri bed
I n conjunction with the acconpanying drawings in which |like reference
nuneral s describe |ike el enments and wherein: Fig. | is a schematic
view of a tube bundl e having at | east one displ aceabl e support baffles in
accordance with an enbodi nent of the presen%?é venti on; [ 21is a

; . Fi g.
S(r:TBe(Tat ic vi ;aW‘Hfﬂ a dnaptoadangsathanotisr asnss © PSSR ABYSRERR G ¢ Ihgan
enbodi ment o i QN Ei 0 3 S. A ar it
dks %c%b?eﬁsglﬁp?ﬂet %g@ﬂ:ﬂlk S&dzls'cgpjgﬁc%&x Rith af leddtiond fiRbd bhfe.

di spl aceabl e suppo A I's another variation of the
di spl aceabl.e Buagpfizxdd tadflé heving a Blugality of Epgrtursythatarg sized troteneive whlepsit i on of

(e, Pl aceable, PHRRLL uoal e, oFL e Y AR B LIS 8 on
displaceable support baffle are spaced along the longitudinal axis of the tube
bundle. Preferably, each displaceable support baffle is spaced from an adjacent
fixed baffle. With such an arrangement, when the displaceable support baffles
are located in their second installed position, the tubes are deflected a sufficient
amount such that the tubes also contact the fixed baffle further stabilizing the

tubes within the bundle and reducing vibration.

[0014] In accordance with yet another aspect of the present invention, a
displaceable support baffle for use in supporting a plurality of tubes in a tube
bundles is disclosed. The displaceable support baffle includes at least a first
plate and a second plate. Each plate having a plurality of apertures formed
therein. The displaceable support baffle having at least one first fastener
assembly for securing the plates together in a first loading position. The
displaceable support baffle further includes at least one second fastener assembly

for securing the plates together in a second installed position.

[0015] It is another aspect of the present invention to provide a method of
supporting a tube bundle having a plurality of tubes arranged parallel to one
another in tube rows and longitudinal axis extending in a direction generally
parallel to the plurality of tubes. The method includes locating at least one
displaceable support baffle on the tube bundle along the longitudinal axis. Each
displaceable support baffle having a plurality of apertures formed therein that are
sized to receive at least one of the tubes therethrough. Each baffle having two or

more portions, wherein each portion of the some of the plurality of apertures



present invention; Fig. 5B is another variation of the displaceable
support baffle of Fig. 5A having nore than one parallel partition |ane;

Fig. 6 is a side vjew of a tube bundle device in accord ' e
pr esent invenWP&?fO)ﬁg\sﬁsng a di spl aceabl e support baffle iq)%(@s 8%@?@8

posi tion; _ Fig. 7 is a side view®f a tube bundle device of Fig. 6
having the displ aceabl e support baffle in one installed position in
accordance with the present invention; Fig. 8 is a schematic view

of t ﬁ flihSpI ac e@bétlteq SHeRHRr Th@ﬁfe%oﬂ faakérigelads| dispomg the\podteons withcrsspagance

Wi e present invention; 2010/ 056335PCT/ US2009/ 006093 -

F: g. 9 |sda stetrapmpiher 1o aningnlled msgtﬂnﬁééﬁ?‘éi’@JE‘ﬁB?‘%oBifq '19‘8‘ é@*eﬂg anot her
cl anpi ng devi ceiddh G . GhPURSRBLabMANES S8ideflected whef J. 10
is a side vi eﬁv 6* a t_ugglgj%&%gﬁ%\é glg(\)}l;égle OPQEi g_.a 6 havi ng tﬁeecdiesgl gcegbl e
jsuppo[_t baf f | the iportmne tivadisplaskiavitledspess o ¢agh otheraccor dance with the present
i nventi on;

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] 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 at least one
displaceable support baffles in accordance with an embodiment of the present
invention,;

Fig. 2 is a schematic view of a displaceable support baffle in
accordance with an embodiment of the present invention;

Fig. 3 is a variation of the displaceable support baffle of Fig. 2;

Fig. 4 is another variation of the displaceable support baffle of Fig. 2;

Fig. 5A is yet another variation of the displaceable support baffle of
Fig. 2 having a plurality of horizontally arranged slots in accordance with the
present invention; |

Fig. 5B is another variation of the displaceable support baffle of Fig.
5A having more than one parallel partition lane;

Fig. 6 is a side view of a tube bundle device in accordance with the
present invention having a displaceable support baffle in a loading position;

Fig. 7 is a side view of a tube bundle device of Fig. 6 having the
displaceable support baffle in one installed position in accordance with the
present invention;

Fig. 8 is a schematic view of a displaceable support baffle having a

clamping device in accordance with the present invention;



Fig. 11 is a schematic view of a displaceable support baffle having a
plurality of openings sized to receive a tube therein in accordance with
the present inyention: Fig. 12 is a schematic vi

di spl aceabl e ‘géﬁ(ﬂgfﬁmﬁaf fle having a plurality of rods ?gw}ﬁg{?&ﬁn&mﬁf urality
of slots sized to receive tubes thereim9n accordance with the pr esent

i nventi on; Fig. 13 is a schematic view of fixed support baffle
having vertical slots for use in the tube bundle in accordance with the
present invention; Fig 9isa dchgmatidvies af asdisptacable suppost iffle haedgsuppor t
baffl e having horizontal slots for uyse in the tube .bundl e in accordance
with the prestRther GlAEneoAEVIeHa accordance vphythe peeSPRt IBVElQh gt i ¢ vi ew of

bl ocking baffl e for {5814 @ Jdi Jibhraumt Guidle GEFRISTFIES Mividy hge present
i nvention. DETAI LED DESCRIPTI ON OF PREFERRED EMBODI MENTS 100171The present

i nventi on_wi | displawable sdpsut baf@d in anagherdnsallegdarogitioniin agcondance Mol thet h t he
follow ng figures,. Aﬁlri)tl.i cant notes that the term nology horizontal and
vertical whenP S8V Yhnection with the present invention is intended as
a point of refer enCGFiF.OI 0 sGch&gatidgewdf arfisplicesble fuppoet baffle iidngh
conponents of the baffles with respect to the other c onents of the
baf f| es. The Rl nef Qpgyings siged to rﬁ@@h@jé&lh@dhﬁs@dfliaEfé’fg%@anlﬂb ation of the

baffles or c -which make up the baffles within the heat exchanger.
It is conten&?}g ggﬁ% Ie’lat%&?he tube bundl e device 1 can have one of several

orientations when i rFigsk. is Bisokerndte viewof buimlascade sepportarffiehavingener al
orient ed horigont.al Iy, verticel Ly of apy ANgls ¢ Ball i hddif ifor i zontal
accordance with the present invention;
Fig. 13 is a schematic view of fixed support baffle having vertical
slots for use in the tube bundle in accordance with the present invention;
Fig. 14 is a schematic view of fixed support baffle having horizontal
slots for use in the tube bundle in accordance with the present invention; and

Fig. 15 is a schematic view of blocking baffle for use in the tube

bundle in accordance with the present invention.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

[6017] The present invention will now be described in greater detail in
connection with the following figures. Applicant notes 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 to describe the orientation of the baffles or
components, which make up the baffles within the heat exchanger. Itis
contemplated that the tube bundle device 1 can have one of several orientations
when in use. Thus the tube bundle device can be in general oriented horizontally,

vertically or any angle relative to the horizontal.



- 10 - [O00181A tube bundle having a plurality of spaced baffles is
illustrated in Fig. 1. The tube bundle 10 is part of a tube bundle device 1
(e.g., a heat_exchanger or other suitable heat transfer The
tube bundl e MH°PHUPUY¥Es a plurality of parallel tubes 1f?8@2£@ﬁmé§%end
between a pair of tubes sheets 13 and t40-The tube bundle 10 is fitted into
the surrounding shell or housing 20 of the tube bundle device 1. Typically
fluid fl ow occurs through both the inside of the tubes 11 and within the
shell 20 across the outside of the tubes 11. The tube bundle 10 is provided
with baffles to reduce flowinduced vibration wthi the.éﬁge @un le 10 and
direct the 168 tKetube bppdlebieings Nwalitypisraced baflles 1y URTeRE TSRS | 20.
[00191A di spl gcw&%ﬁgwe b i?g&i bfa f%ﬁ&@ bligdlk dkvisé 1 2884 aitRatix@harder Jhe

arfle I S a u f

di spl aceabl e I nclud plurality of apertures that are sized to
recei ve the totherssuitable heatathmster eoippendntn . Thebabundleatbmsludep apturdit3o0

includes a plurali f ots 36., The slots 36 [ t espond
to the rows o%ﬁaﬁaéf%f]’g)g%?h’lwﬁlﬁg Fﬁtgngﬁﬁwle%n i@?lrﬂ?[{ﬂ%ﬁggﬁ PS ?/ﬁg?nd\c/)lefﬁ }E:eal |y
ext endi ng ri bgbSBullE 1 @Ok tOMhe sigolalidd $heBD holraed20 bbthd fulext ends
vertically between the slots 36. Each rib 37 preferably. has a thickness

that is siigheunglesderidedr Typigpliytuid Haw erguisdbipush baltythe éﬁtdet%}é“smg’is in the
t ube bundl e 1{0. . P\ i I S Lm t i ts;
ather - hor i 2ot FiURBERE e D4ARiss Ak AiBELe e Bkeg 1, Ak R AL P

consi der ed t aislpeoviddd with béfifles tdredsoofiev-diduche viprasenvithintentube bundiet h

hori zontal |y tendi ng.slots 46, a.plurali f ri zont al ding ribs
47 are provid@ﬁymégﬁﬁ ?@6ﬁ’ °%§Féﬁ&@”ﬁ8pkfb%9§?T? Bg?%@gﬁlﬁ%égéﬁg@s 46.
Each rib 57 preferably has a thickness that is slightly smaller than the
spaci ng between adjacent tubes 11 in the tube bundl e 10. The present

i nvention, ho@Rl¥r, Acdispiecaablestprert bafflsd00 inillugtmtedinlHg. Ls&hef verti cal
slots 36 or i I . . 4 U, : . | at ed
"ol uding. but IR b1 iAGuabA BifeticP bR Bor@RE thillafe B4 F1oRGRIT
recei ve a si nit¢ abesbetdrbduasvibluvion. The Bisglacddble baffle 800 mydeded agpemlitigs 372

20101 056535PCFP bbb B30 sreneedpoaRrpond Afis iy A Bedberd) 1t i
contenpl at ed i) i buddf 1B €A PlurBRGYINBRicBITY ekt@hdinEFiBL 87 BEE pradidél @Hahe t ubes 11
t heret hrough may be the preferred aperture configuration. )
baffle 300. Eachrib 37 extends vertically between the slots 36. Each rib 37
preferably has a thickness that is slightly smaller than the spacing between
adjacent tubes 11 in the tube bundle 10. The present invention is not limited to
vertical slots; rather, horizontal slots 46, as illustrated in Figs. 5A and 5B, are
considered to be well within the scope of the present invention. With
horizontally extending slots 46, a plurality of horizontally extending ribs 47 are
provided. Each rib 47 extends horizontally between the slots 46. Each rib 57
preferably has a thickness that is slightly smaller than the spacing between
adjacent tubes 11 in the tube bundle 10. The present invention, however, is not
intended to be limited to the use of vertical slots 36 or horizontal slots 46, rather,
other apertures are contemplated including but not limited to horizontal slots,

openings 371 sized to receive a single tube 11, as shown in Fig. 11, and

elongated openings 372 formed from elongated bars or rods 373 secured to a



100201A bl ocking region 34 around the perineter is configured to redirect
any bypass flow from between the outernost tubes 11 and the inside dianeter
of the shell 20 inwardly towards the tubes 11. Verti cal sIogsg?G,rgceive
the tubes 11 YR&YEPH335The baffle 30 includes a plurality P REYEHEE 32 and
33 formed therein. The notches 32 are silded to receive a tie bar 5 therein.
The notches 33 are sized to receive a skid bar 6 therein. The skid bar 6 is
provi ded to ensure support during insertion of the tube bundle 10 into the
shel | 20. Thecfti7hes shawang FE3 18N$uk eohtbmplatdicthbathé hesofapenimge 3#hi nt ai ned
in the proper orientation. The tie bars 5, the skid bars 6, the

di spl aceabl e fsredesgngogividund tyherdd thpsethrough seny beghe preferred apeEgse and

bl ocki ng baffle if utilized) together forma rigid cage, which
facilitates t "“sﬁgﬁgaé‘f"%‘i on of the tubes 11 of the bundle 10 into the shell
20. [0021] Typically, the tube bundle 10 includes at |east one partition

| ane, which separates e tubes 11 wthin the. tube bundl e : IR di screte
groups. The pHiEPL; orf\f’ ﬁ’é@gd‘?}g‘%%“?W&Pﬁ %W#ﬂ%gorﬁg_ur ée%rﬁg‘trr tion

| anes may _havsxr 206 Rl RN BetWRES iHealutdiosinttiBéd OIndnd tht tistliefdiamitagot hr ough
the partition |"anés does not contact the heat transfer surfaces of the

tubes 11. As thechell 2 inveardiydpwaisls ehe ybeseldi. r ¥erticalrtots posecsverthefugest thin t he
bundl e 10 away from.th anhi-ti,on | . tQarhi¥Pr OVe
heat transfer&‘eﬁeﬁ’én@ims%fgsggﬁ?éelu%gfa far{i gl%gé'g i ﬁgﬁ’ﬁ%ggag{w g%%gcdéﬁeerh%grti tion
| ane bl ocki NngTR¢ Bacid 32nde 8ik6d tooreteidé 4 eie bat henekdiowTbé nbichesdBImrelizadt he
shel |l of the heat exchanger ihto_wa[rgs t‘H%t bes 1Jd§ f the tube bundle 10.
The pl ural i t ytogeceipet skifdar ¢ thoargpaLhg sy abgb%l?fﬁ&‘ gé%gnste YRB®BI ocki ng
areas 35 and 4f, i V0)203PHOIORIRRET 1USRROREARGDIS Thd RorchckORZAUTHe

a e

di spl aceabl e I'n accordance with an aspect of the pr esent
invention is eisuiettbat thebaffles 30@ arstmaintainsdpia the propesraricpission2dha He b8%0 al ong

partition |an 01 .i iti.on la inA0..al e tition |ane
301 is for rredg’btge éﬂfi?’f‘%?’%Weélﬁog??eﬁ@%%t&%n@tog’ ?\%Df&g‘é?%ﬁlgﬁ;gb’ %{ﬁ?i; can be
acconpl i shed pylideasaid Blutkihdbafiles 60 igutitized) addethet fiorim aggitetagodvhithe
original shape of the baffle 300 (i.e, fb&%g)re cgtot.l nqptgga“bf fle into two
or nmore sect i BrEateaiic peseriangHithg lubss ykp “i“ﬁ dRSPeE'SHape such that
the baffle 300 after it is cut into two sections and is in an installed

position has an outer perineter that is consistent with the size of the
i nner peri met @O20f t Aypialy) the Gubelbunills 19indudesrat dgnst enearpriitien lapee porti ons

320 and 330 cap. be forne separat.e section AN and 330
are secured tHB\—ffBﬁ%‘?ar?tS? gﬂegﬁstﬁﬁsﬁg ‘?51?:13]8 ttfeh%g? ﬁﬁ’zdlﬁmgﬁ“g%i%@ﬁgﬁ%ﬁ %’at t he
baffle 300 caphdgarbfigPRNtYdd acEhedd@bny edERi Theipdratan lanes oy hivee t ube
bundl e 10. A renovabl e cl anpi ng assenbl i I

[ ] y. 350, . as, sho in Fig., 8, may be
used to securkorizeataband Y@ﬁ%ﬁltoé’@éfaﬁéﬂs-f%P‘dpQR%@géh’Bf‘gl\?l)%ﬁ@W% IA8%%al 1'i ng t he
baffle 300. ?&e@ nbf Gorftith Eﬂ@e@?@%ﬁer@hﬂg@@&f thO@BLedl andsidpeittisibes are

| oaded, the anpl ng asse I's removed. The baffle 300 has an
ori entation adesirablass regireck the flbivgnf fhiid Widirt tiodyndle 1Qravaydeasnied wi t hin t he

apertures and o snl | SRAGSIIBOREL 11 fo DRSS Re inkEE HhQURARRARY 330

baffle 300 includes at least one partition lane blocking area 35 and 310 to

redirect the flow of fluid within the shell of the heat exchanger 1 towards the
tubes 11 of the tube bundle 10. The plurality of apertures is located on opposing
sides of the blocking areas 35 and 310.



[0023] Stiffening of the tubes 11 in the bundle 10 to reduce vibration can
be acconplished in one of two ways. Once the baffles 300 and other baffles
described in greater detail below are properly |ocated t L bundl e
10 and the clAfpHE %3 senbl i es 350 have been renpved, t%gwﬁfgzr%ﬁ/@%% 320 and
330 can be noved closer together to a pdgi-tion shown in Fig. 7 or Fig. 9.
In such an arrangenent, the apertures in the baffle 300 contact the tubes
11 causing an inward deflection of the tubes 11. This deflection of the
tubes causes @i enimhg dispiicelble BAHIRSH0\H heodidapoe withenmspddt ofithe320 and 330
can be secured together using an appropriate weld al.on #(Qe Cgﬂ{;?ﬁilti on | ane
301, an appr opiesent ventiorisrhivided inteatdeest two SRPATAGHRCTHENE 34L&t al8&enbl y
380 or any other..suj . . 1056 : 960PR3 - 13 -
provi ded suchgﬁtslﬁﬁejhgelgg%f%@%ﬁ@ﬂﬁ%%&@%&ns 3%% an g?g&liol%ﬂ?hei r proper
i nstal | ed posfdrinedbduniting txplaféie 360 irsb twiecchiens. B hambraccomplished by

100241Al ternatively, once the haffles 30 nd., ot her frl r operly

| ocated on t hBSEEHEING M rfB‘tagﬁ%IC‘ftH%g meg'r‘?gi ﬂ‘&egggglﬁgfq}agg%gg% tﬁdg@ée been
removed, the pgydi0Bsfoatutang R B@MPRvI®VasrelsdEtidiB) mapaktsligly position
shown in Fig. 10. I'n such an arrangenent, the baff]e 300 maé) have an

origi nal shaplergengtanitke d¢singHshapesweh that thebaffla i aftgs ds eyt I8 WP { he

install ed posjtj.on, the.outer | ek font 1 i iseatially
corresponds t%ﬂact’?fg ﬁnﬁﬁse%n %‘e{j’ﬁtﬁg@ebg%é(ﬁ{%ag aé‘ﬁ@'f‘ﬁrw% ee%éfi?dgﬁstsé&rr%verrent of the
two portions @20 tenikze3d@he nee pérenerdr dffths bhedhd. yit moalsagpntd¢replated thasr t i ons

away fromeach other, thro the use of crane jacks qr the |like, and

pl acing a pro%‘éPP?‘C’F‘é?%an‘i&Igg%F?n %"(‘ PLIFPARLF 56488?‘69“{@&?30(% n~Sa:4<zg)tri p of
metal) in theax?ipﬁ”@earg’?e]cupé?itt‘ﬁgﬁﬁertﬂaﬁldaﬂﬁlgmw ihe isheRMdRNTD R4 teft thdie baffl e
300. Once the force exerted by the cranée or the jacks is renoved, the force

exerted by t hiafflaBeg cambewroperlk kspted etherdesirad Igogionprghgaibe W’i“ﬂl@v&osg, t he
Thom  The. twokpaPeTSnG B bl P Slioh idp bl Spmal e nib @bkesk LT T

them The two poFPY We 0 eac ecured to each ot her

wi th anot her @eboffons kepter fer gurpose @€ prughdily iimstaling thgibaifle/3@LrOngg thandl e
handling. In such _an, arran?ement, th&@apert ures {5{1 th(g baffle 3 cont act
the tubes 11 kaiflePRgisamoraibileraedand tedubsy 2 loptd, thadamRPE SN, ¢ ons

320 and 330 cagp e IEAl AHAGA M GHESR A bridhiaBiBh ¢ IRBrited RYFRN 6] Mhert 390.
The portions 0 and 330 may be welded to the insert 390. It is also

cont enpl at ed tuhes 1 laare Irenepiedgvithanitheeapgtores gnd aspalspege 300 axipy betvset ener may
be used to secure the rt('%g 320 and 330 provided such fastener maintains
the portions E@(’ﬁlr?&s%g ap ﬁei r proper installed position. It is
inportant to note that the thickness of the insert 390 should be slightly

| arger than the thickness of the space 391 cxrufé iQ t{]eﬁ baffl e 300. . For
exanple, if tW823 ot Sufeniagiofithe tybes Lindhe byrlle { O toredueybIAlPR AN R oLt 6 or

7 mm thick. %901%8%%95?:@ 3 8%0%52950 D RRGAOBaftles 300 and other baffles

described in greater detail below are properly located on the tube bundle 10 and
the clamping assemblies 350 have been removed, the portions 320 and 330 can
be moved closer together to a position shown in Fig. 7 or Fig. 9. In such an
arrangement, the apertures in the baffle 300 contact the tubes 11 causing an
inward deflection of the tubes 11. This deflection of the tubes causes stiffening,
which reduces vibration. The portions 320 and 330 can be secured together
using an appropriate weld along the partition lane 301, an appropriate clamping

device 370, a nut and bolt fastener assembly 380 or any other suitable fastener



- 14 - [0025] A di spl aceabl e support baffle 400 is illustrated in Fig. 5A
The di spl aceabl e baffle 400 includes a plurality of apertures that are
sized to receive the tubes 11 to reduce vibration. The di | e baffle
400 i ncl udes WOPIUPHPPty of slots 46. The slots 46 are gF?@%@S’Z‘%&ﬁ
correspond to the rows of the tubes 11-ilA-the bundle 10. A plurality of
hori zontal |y extending ribs 47 are provided on the baffle 400. Each rib 47
extends horizontally between the slots 46. Each rib 47 preferably has a

thi ckness t hagrol fled ki@fabtén&mRdihRinsthaportibas 3ibaridrifObethaepropetj acent tubes
Il in the tube bundle 10. The slots 46 can be re Iacied wi th openi ngs 361 or
el ongat ed opeinstaljed postionsduringsaperation ohHhsaisat f’@@?‘%e bl ocki ng regi on 44
around the perinmeter is configured to redirect any bypass flow from bet ween
t he outernost tubes 11 and the inside dianmeter of the shell 20 inwardly
towards the t[9024] 11 .Altderativoly; ahceshebaflés30@ el other badflesdse properlyher ei n. The

baffl e 400 incl udes pl ural i f tches .32 and, 33 ne rein. The
not ches 32 ar]é’c%théﬂ?}ted“g%&é‘?(b%l@aT‘P eSIAMRIng AYSembJics ehaﬁgtb%%gs 33 are

si zed to recejeuRvad Sk forBdhs 920 AR B0ban BRGnsedduRiner apadtso ppositicked to ensure
support during insertion of the tube bundle 10 into the shell 2Q. The

notches 32 anthod® inkéqrld. dhauch arearpagementathy besler(ithpay R a0 PigiRalpr oper
ori entation. Jhe @aﬁg?ﬁ%@tﬁ%alﬁidﬁ% @ap@fxén Ris itn) e ﬁfé&@%@@@ﬁ%ﬁ thaf fl es 300

and 400, the ¥R hecessary ockl ng ’baffles 60
(i f necessar yjutéqgeinkedr df alievafle 300 sutsameallywborrdspbrdsi thithaimpsr parandterser t i on

f the tubes 11 of the bundle 10 into.the shell. 20. [ 0027} The,di spl aceabl
baf {16 4001 bk a; Teeight BRETHEY of MeHOBRFoTS 30k g AL i oo~ * " ©

redirect the gl rﬁdv‘iﬂ%th‘é’iﬁvbip@rtmga&Q?'fﬂonQéachhﬁldﬂ,e@fo@th@ﬂ@fo 1 towards
the tubes 11 of the tube bundle 10. The plurality of apertures is |ocated

on opposi ng sirdes, jatks dreh lise kind glagingespraperlyTframgr dpeHERK MBI BanY &€ 400 in
cocor dance. o ol PR SISl 0) SR e it | oo
| ane 330 of the baffle 300. Once the force exerted by the crane or the jacks is

removed, the force exerted by the tubes 11 would keep the insert 390 in place;

likewise, the same force would create a bending force on the tubes and thereby

stiffen them. The two portions can be welded to each other or secured to each

other with another set of clamps to provide additional rigidity during bundle

handling. In such an arrangement, the apertures in the baffle 300 contact the

tubes 11 causing an outward deflection of the tubes 11. The portions 320 and

330 can be maintained in such an orientation using an insert 390. The portions

320 and 330 may be welded to the insert 390. It is also contemplated that a

clamping device 370, or any other suitable fastener may be used to secure the

portions 320 and 330 provided such fastener maintains the portions 320 and 330

in their proper installed position. It is important to note that the thickness of the

insert 390 should be slightly larger than the thickness of the space 391 cut in the

baffle 300. For example, if the slot 391 cut is 3 mm wide, the insert 390 may be

about 6 or 7 mm thick.



WO 2010/ 056335PCT/ US2009/ 006093 - 15 - bl ocking area 45. The partition | ane
401 is formed by cutting the baffle 400 into two sections. This can be

acconplished by laser cutting or other suitable cutting i ke baffle
300, the ori g‘ivﬁé‘f”/&?‘fé%e of the baffle 400 (i.e., befor e"r&rﬁ]?’u ﬁ”"%’iﬁg baffl e

into two or nore sections) may be slightl4y |arger than the desired shape
such that the baffle 400 after it is cut into two sections and is in an
installed position has an outer perineter that is consistent with the size
of the inner m@2s[ret ex displatéublsiigipbre Dafflhad0 it Himspated iohig. 430 Thed 430 are

noved cl oser together. Like baffle 300, the original shape be slightly
smal | er when tisRlagesbla tatle 49Q inghiden s plusalyy of oB ‘?fr'k’ﬁ ggﬁﬁgﬁyfeﬁe’f’ﬁe

instal | ed posjtiyQfs 1Mo $QMRe GidrSHLE tBRBsHladeDle BEATe £X0GRANGS 2 flufiiyy Not
have a partition lane. This nmay occur in a single tube pass heat exchanger.

In such an ar ofsigedéniThe istots 46 aresirmangddgotcorrespond dethgmows of thedhlgs Idartition

| ane on the displ aceabl aff | €., the width of. u is

i ncr eased) in‘notgﬁg}m‘ﬁf)lg'e lPraﬁlﬁéOchizPﬂtﬁﬁ?SFmteﬂ%m%g %PZ a%‘eﬁr%v{a‘%g%gr mor e
sections al ongetREAN iHdch b e it hotitoritallydegiveabihe stods 461CEauderitan
artificial partition | ane when there are no partition |anes (e.g., an

exchanger wi t #7 prefrphjy das 4 Buclngssthabis sHehyhy 1mal|e thandhespasingeved wher e one
does not exi s} . FEi i | t i Iy feb8cd®Qifpavi ng nore

t han one part%%’?%hgﬁuggglsf lyo@ék%2%§%% 1g’OB, e\%ﬁlﬁ%‘hé5 g?rg?%eebt ﬁe béffle 700 into
portions 710, optthgs 380 oanldng6d opOO2BBMeagpdastiilaisabé?® and 430 are secured
together for | oading onto the tube bundle 10 such that the baffle 400 can
be properly located at the desired | ocation on the tube bundle 10. A

removabl e cl ajppbéP asSEEbkiMg 3§Hen 24 aDNAMhe gerimeer iS conTRur&iPtoUsdifedt 0 secur e
the portions together for purpose of properly installing the baffle_ 400.

The baf fl e 408viawasdfloy fiom batween tis outamesttabesd Ljapdhginsile digraeteiples 11
are recelved gt tihg ARG WARS gfeﬂgb%olgnﬁgéﬁz%ﬂﬁa?ﬁlogﬁ@% fRXLivE heltgbaeen the

portions 420 an e ba proper ocated and the tubes
11 are | oadedll thbeirc!| Bingpbaffic 468 anddides 3 pluralstyrodmotehes 32 8@ 33 formed

2010/ 058335 P Gl a2 000! 008098 ) 2rd 8 ed h 004N HE DS 2], TRESHRESSL 10 the
are sized to receive a skid bar 6 therein. The skid bar 6 is provided to ensure
support during insertion of the tube bundle 10 into the shell 20. The notches 32
and 33 ensure that the baffle 400 is maintained in the proper orientation. The tie
bars 5, the skid bars 6, the displaceable baffles 300 and 400, the fixed baffles 30,
40 (if necessary) and blocking baffles 60 (if necessary) together form a rigid
cage, which facilitates the insertion of the tubes 11 of the bundle 10 into the

shell 20.

[0027] The displaceable baffle 400 includes at least one partition lane
blocking area 45 to redirect the flow of fluid within the shell of the heat
exchanger 1 towards the tubes 11 of the tube bundle 10. The plurality of
apertures is located on opposing sides of the blocking areas 45. The displaceable
baffle 400 in accordance with an aspect of the present invention is divided into at

least two separate portions 420 and 430 along partition lane 401 in partition lane



acconplished in one of two ways. Once the baffles 400 and ot her baffles
described in greater detail below are properly |located on the tube bundle
10, tubes 11 are | ocaded and the clanping assenblies 350 enoved,
the portions Y9#14M43430 can be moved closer toget her tgpg}ﬁ%é’gg?os&g’r‘n shown
in Fig. 7 or Fig. 9. In such an arrangerént, the apertures in the baffle
400 contact the tubes 11 causing an inward deflection of the tubes 11. This
stiffens the tubes 11 to reduce vibration. The portions 420 and 430 can be
secur ed toget hiREkiHE aRd 43N THRPaeRIdndaR: 4| i fehmddytduetingathe bafflerd0ante 401, an
appropriate clanping device 370, a nut-and-bolt f‘astenﬁr assg{gol ¥t 380 or
any ot her sui tebiestipnss t Bnesandcascemplished By 258t HERS RRPIRELTREOEFIMHS t i ons

420 and 430 i%@g; fIRNBRAL 3DASHELEHaIRRRS 41aflc BHTITA0RRE! BifbRLuRing he heat

exchanger 1. ernativeély, cet es 400 and other baffles
are properly {hebaffedntnwone mereaedtions) mayl be slightlydarger tar theodessed and t he

cl anpi ng assenbl i es 350 have.be renoved, . th ortions 420 and 430 can be
nmoved furtherSrI’gB%l?‘fc}‘ttgatéH?)B%fiﬂFi4§ﬁ afifily “i“?m"}f?gw i?f&lopﬁa%(ﬁgﬁnﬁﬁ arrangenent ,
the baffle 400s@BYd PSYEorfihs Qi dlikd? PlerimBAP that RedonkiStefit Whthe/sis®ither such
that when it is in the installed position, the outer :{)erirreter of the

baffle 400 sulpsererinstéryof s shedPOnueentthe poréiopnifiel anskt (hase 0vsH Claser shel | .
The sl ignt moWGORA! 13ke bilfieltB. BRLHLANPEROnAYbeAROnAS sRBk MRA Y S1 [ ght Ty
y Tt C er, gh't

novi ng the two®portions awa ome 0 thro e use of cranes,
jacks or the porkens 420chndl480iangmaved fupthet gpafton tedlinstaied poB9dn. (Iatvoole may be

formed froma strip of tal) in the space 391 between the _two portions 420
and 430 of th“érCHg’ISF‘?’I“éesﬂfgg.he&%’@?‘?‘Wé’rﬁC?Faé'enoéiéﬁ =L o?llf’é‘ecr’%‘rt?_em the jacks
is removed, theuf QrC8n@¥ GidegfsPNeat BRHAHEDS I duchQil AraegementhR id nsert 390 in
pl ace; |ikew se, the sane force would create a bending force on the tubes

and t her eby sdesirilde ta inhnde Thartifigial partitiosdanecemthp dlispdacgele baffleden. Beher or
secured to each,0 r,wt / e i hti onal
rigidity dur |%@%§Jﬂ§? gﬁ?&%’hﬁa{agﬁg&&{sﬁ&sﬁﬁgﬁéeég g%gtnggﬁg{r#\é O?E%@g%g%t ures in

t he baffl e 4GAtoaomtachort Bection©Oalng HOEHEEEPERé WSPONIY A3a@bls to iricfude t ubes 11

causi ng an outward deflection of the tubes 11, The portions 420 and 430 can
be mai nt ai nedtatilgiglpagiics jaas vhen gﬁ/%%‘?ﬂ@ p&ﬁltf"ﬁ‘gé’?‘ltos (80 aneREhdgFE i ons 420

and 430 may hgielded it p8) bsiriticiPfne I ddsFedlvhOrecMRIRBEPhGIAsLtt hat a

cl anpi ng device 370, or any other suitable fastener may be used to secure
t he portions Eg®Biusu#aes pdispladeablsbaffic 766 haviag meae Hieaions paridiopdandsons 420

and 250 1 (o207 R DAL BRShPRo AGRRURR, FF6aERFSgut 1P Lhe
740,

[0028] The portions 420 and 430 are secured together for loading onto the
tube bundle 10 such that the baffle 400 can be properly located at the desired
location on the tube bundle 10. A removable clamping assembly 350, as shown
in Fig. 8, may be used to secure the portions together for purpose of properly
installing the baffle 400. The baffle 400 has an orientation as illustrated in Fig. 6.
The tubes 11 are received within the apertures and a small space 360 exists
between the portions 420 and 430. Once the baffle 400 is properly located and

the tubes 11 are loaded, the clamping assembly 350 is removed.



and 400 are not limted to two di splaceabl e portions 320, 330 and 420, 430;
rather, two or nore displaceable portions are considered to be well within
the scope of the present invention. A baffle 500 having i aceabl e
portions is VPRl Ed i n Fi g. 3. Baffle 500 includes gﬁ%gﬁ.ﬂﬁ’?‘iﬂ%’%
partition | ane 302. A baffle 600 havi ng ifour di spl aceable portions is
illustrated in Fig. 4. Baffle 600 further includes an additional partition
| ane 303. The di spl aceabl e portions are displaceable with respect to each
ot her and can[(pe9pec Stiffning dfhiiee @bepEr inl thatientlp d8 td fedncd vibtationcamber

descri bed above. O her configurations_are, consid dto,b [l wthin the

scope of the prcesghshedinene PgW‘.’O Fary r@?%lﬁ%}c’)a@‘ﬁ? ?@@@%‘b‘@?ﬁﬁ?ﬁes

confi gurati ONges iﬁeqciﬂgﬁi[a@&ra%@latnt&ma%rba&hﬁlomedummwbame hef fl es 500
ura

and 600. Wen ep Ity of apertures are slots, the partition |ane 401
i s general |y maeall ak loalet hed sieatlamping assemitics B0 bavstheer sgmeyesptigce t he

tubes 11 when the tians.are,displ gced, as 0 [2:El : . \When
nore t han onep‘HHP’i‘qpﬁO(ﬂ?%I@Hé:af’g?&?,Veas?iaosc‘ﬁrot\?vﬁetlﬁgr %&gglt’gbgﬁ?wéé‘?p%gprovi ded
the aperture gomki QUMALLR AN AHEhgaRRINlithe SherRiradr titrafié 400eortadiabe when the
portions are displaced relative to each other. In Fb& ?fB he artliti on

| anes 701, 70mbenbl qaysingras ipwpr) dedlection ofbe ubend}- TOPsHitepche fupes |
arrangenent, Mule PO ahlel to
the partiti on{°:}§%‘g°§%%§{%&f’hg?‘y%@§8 acemnﬁgﬁaﬁﬁgséﬁﬁ%%?ﬁ%& 720, 730
and 740 wil | gauemitdecidramer thd phtteionilare 45f1, amepprapréae cBmpirgdavices| ot s

extendi ng perpendicular,to.the partitj | anes ul d t roper
defl ection of &eoné nphpResbolf F?SfGHS’S%gS%’Pf’fé’%tgtoér%%Q%f Iilueltaﬁgeefagtf% H%ﬁ"%%g%‘?ng 371
may WO 2010/ QRA3IRRRET hMenrhA9HYRPSshs-4208nd 486 i heirposper amypalledr i at e
aperture when nore than one direction of displacenent is contenplated.
[0032] | n accopaitimseduingpperséiop oé diereal engbargesh; the di spl aceabl e baffl es
300 and 400 nay be spaced along the |l ength of the tube bundle 10 to reduce
vibration. It is also contenplated that the displaceable baffles nay be

| ocat ed only @I030]hos Alleanaittlynsnasttbe baffliebAdd ahothederdtlesoare ipsopeeleded (e. g.

at the end portions of the bupdle). T resent invention. is not, .intended
to be |imtedoFyed ﬂ%tf&stat'?%?maﬂ%Lﬁ&%@éﬁﬁﬁ%ﬁﬁ?@éﬂ@ T PilsS

[0033] I n accof4ange bikd Renidved Rhe p6font BYGRAI 930 cdntte bwddl fapabdpartaf f | es
300 and 400 may be used in connection with at |east one fixed baffle 30 or

40, as shown 4 posiigmsshoe® inkig. 14, Inpechan rengemeneths|beElls HY Bay PR 8D, as

shown in Fig. 15. A fli haf. i I S il ki ig. 13.

wile the e ere G PR PRI b i i FRALE BoloR St

invention is hebuichpemndedr 6Othbdafflend (estibstantimlyf doessmmidy thdreiimeprs| ot s;

rat her, other configurations, as _described ap%\ée in conng‘?hi 0 4§,%)th t he
AN “FRé”

di spl aceabl e BEAFRgte oddee shell. Jgstighfmevemengar fig o B of the
present inventdgfied E{)gnéﬂtwom iheLrwdpdiasnsPawdy i @hichoh Sthen @irbuigliathes| ot s 36

that provide support”for the tubes 11 to reduce vibration. A blocking
region 34 is wenficguesdadke or thilikecandpigcing ppseperlydarmedins et s Y brhich e

out ernost tubes 11.and.t:he insid i r t i t owar ds
Che tubes 11.m8¢ GEPE i ¢ PEPT s AL R sBroc i iRREecp RO RLONGHARY,
baffl e 30 i ncdapded 430Rif thicbaffly 400. OatciheSo32 eaentbddy/ thocramd or therjecks. The
notches 32 are sized to receive tie har th i n. . CGener i e bars
and skid bar siS&FT8OVR8) HEdOTE %ﬁ?%?‘?é@beﬁéid’}‘%&?gﬁm tﬁ&"fsﬁg%bh%%éac?’n t he
case of the PHESEN tHeWMBRUHRR wdild SreWRW ttnaRiz BR cAMRAORIbeahR fHofebiyhe

di spl aceabl e baffleés. Instead, the tie bars and skid bars woul d be wel ded

to the di spl atiffenlteerbalThe two portions tasekfi weldedto eagheshes REsesFktogrely| aci ng
the baffle portions. The fi . Malel hanfiieused, can
be wel ded to ?T‘heér ”Hﬁéarbo < Sgﬁ(ﬁdcslﬁﬁgtjﬁj)?g@g??@éﬁ?@lt é&qﬁ{)@ﬁgbug@et he tube

handling. In such an arrangement, the apertures in the baffle 400 contact the



WD 2010/ 056335PCT/ US2009/ 006093 - 19 - to provide sufficient rigidity to
the bundl e cage. The present invention is not limted for use with tie
bars; rather, the use of conventional tie rods 380, as 29)%205%0059. 11,
may be used. WREH'"PI¥Sr ods 380 are utilized, the tie ro v be al l owed to
bend together with the tubes 11 when thd7di spl aceabl e baffles are displ aced
to the | oaded portion. On the other hand, the holes in the fixed baffles
for the tie rods nay be made slightly larger so that bending of the tie

rods can be rg8usedcaidingna dutwardi depeaansiihe bes he Thepordosadlkarshf f | es.
The notches 33 are sized to receive the skid par 6 the{ﬁi’onr The.skid bar 6
i s provided t#®&emsheanaininsdtinguch prisnssionusiesn 1pset 10 FREIYS10 i nt o

®
the shel | 20-@;@@‘@?&9@@%&&% tgﬁlgt’xﬁ‘]&rs@o@ hets sl oflicpiiasgahk ¢ baffles

300, the fixe e bl ocking baffles 60 (described
bel ow) are maélamaingattvice 370 commymeirer onitabie fisieoer mTnbe psed thaeerethe he skid

bars 6 and the baff]es 300, 30,..40 a 0 toget.her .f orm. g e, which
facilitates tRYUUPRE eﬂtf}“&n‘%&l’??hlée‘? Efﬁggasii“e&f‘g“f’ﬁé’“%‘he 0?1%4#*#2“‘%%?1‘ le 30
i ncl udes at Iﬁqﬁéirg{b%epﬁ,g{ahga?asiﬁ@ne bl ocking area 35 to redirect the flow
of fluid within the shell of the heat exchanger 1 towards the tubes Il of

the tube bundle 10. The slots 36 are arranged to correspond to the rows of

t he tubes 11 j e ' Merd i [ gibs 37
are provided @@ﬁ e Erggﬁogd%‘g? @g@hé‘p%ﬁé@#\%&%ﬁcﬁé gg?itaixecal I%ng{]\g/\?een t he
sl ots 36. Eacind400 a3d nprlahaedil tyordisplacetble phrtess 320,130 ands120ghidy smal | er
t han the spaci ng between a%i a?ﬁ%nt tubes 11 in t.ge %ybg@ebquligﬁl .. [0034] A
fixed baffle BHoRIVORY THIF ISBIRCEILIS PATONH#eCRBYIPFH B YEUSBEYT "For t he
tubes 11 in tHg,dunGkerdOnt iByvERHMCA VifBE3DO BAving thrké URpladtate pattibhg. 14.

Li ke baffle 30, the baffle 40 is configured to redirect the flow of fluid
away from t heisglystibtsdvie Eie. Bhd3affle 800 inghwlss an additionad parigiondenst®- ¥d and t he
i nner surfac h iy : 1nidmeat bundl e
10 away frometf%ée gﬁ@f’%@%k%%ghg&&%v\gg%?‘?/&{éﬁg/sqﬁ lrl%&n}ﬂ@?%gqﬁ%r%i??@ﬁ 6Pgnes

towar ds the tfub@sr ihdluddhen hififidral pattitias lane 308.c Khadisptasaable porTioes Bicocki ng

area 44 has a simlar construction of the, bl ocki ng %r.e?h 34. Tt’ie (P%ffl e 40
may al so i ncl disRlaceablegnth respest iugachothsy, apd fan bgysctred in the proper loade
2010/ OSGBBSP%JSH@QQ UOPBRARS descHded abdRC KIther WnBdubdiond B ddasilitred 48

includes a plurality of horizontal slots 46. The slots 46 are | ocated on
opposi ng si dele wéll whtbinptae stapeor thepresdit sukntien. aFehegHoTeT HANQYSAPETIUG ar e

e o e B e RS AR e R0l

Each rib 47 ewhends fetBest dpaaurs atessidtb, the partition lane 401 is generally
parallel to the slots such that the slots can displace the tubes 11 when the
portions are displaced, as shown in Figs. 2 and 4. When more than one partition

' lane (e.g., as shown in Figs. 3, 4, 5B) is provided the aperture configuration must

permit displacement of the tubes when the portions are displaced relative to each
other. In Fig. 5B, the partition lanes 701, 702 and 703 are parallel to each other.
With such an arrangement, the apertures may be elongated slots that extend
parallel to the partition lanes such that displacement of the portions 710, 720,
730 and 740 will cause the proper deflection of the tubes. Elongated slots
extending perpendicular to the partition lanes would not cause the proper

deflection of the tubes. In those circumstances, the use of an opening 371 may



100351When t he di spl aceabl e baffles 300, 400 and the fixed baffles 30, 40
contain slots for receiving the tubes therethrough, a bl ocking baffle 60

may be utili is.illustrated in Fig. 15. The bl ocki Ois
confi gur ed té‘%gizﬁ@g?&fshe flow of fluid inwardly towards P?%@Q?’E{S‘le"g‘” 1in the

bundl e 10 away fromthe shell 20 and outMardly away fromthe partition |ane
of the bundle. Each baffle 60 includes a blocking area 64 and a partition

| ane bl ocki ng area 65. The bl ocking baffle 60 does not provide support to
the tubes 11 batHehgodoupstopridi® ap&ia6 e nass dninlope direttivm afidieplinemgnt devi ce
1 wll now be described in greater detail. A rigid cage for the tube bundle
10 is construl:st“é’ﬂteﬂ?ﬂlﬁéd{ he tie bars 5, skid bars 6, displaceable baffles
300 and 400 and the baffles 30, 40, and 60. The rigid cage is forned by
securing the tie bars 5 and skid bars 6 within the respective slots 32 and
33 in the baf {0082] 30,In4Csordamge 60th thibpresens ieansios, thadisplascabla bpfBay 306 are

preferably secu within th | ot,s 32 and . .3 i her suitable
at t achnent ne@'?fgﬁqbslﬁ?y Qﬁgaﬁféﬁﬁgg@é%ﬁeggtﬁgg HG%Q%BWA%E@%O%%%;UI d not be
wel ded to theyibiioharss A8slcsitedphadshatihé displbteablettagfiéswnapbe tocated are

di spl aced and secured in the final_position. The di %ﬂ aceagi]e baffl es 300
and 400 and t prlyft these losationssvimne xibantion reductiop itregded (&8 gtidhe & spaci ng.

The baffles rtitlgs‘éi?f etﬂgg@#(%lg)ré T‘ﬂ{;‘éﬂr’}gseﬂt”‘ﬁzéﬂtgnin% 4Bt ihtex@sh RAEd lidRedr | Ocat ed

adj acent di spl ace tica spl aceabl e baffles are
preferably | othetuse ofdippleembletmfflesoi0andyOfiagpmieaceabl e baffles. At | east one
bl ocking baffle 60 nay be | ocated between the baffles, as shown in Fig. 1.
WO 2010/ 056335PCT/ US2009/ 006093 - 21 - [0037] Once the rigid cage has been

assenbl ed, thgosgpes 14 dcRfddnde withhBe breselt envidtiomythddispraseabletshfflag 80 he
cage. The tubes 11 are |oaded into the bundle 10 by inserting the tubes 11
through the opehdlfgsay be used ipsprnesgon withat laaptone fiygd battle 30 ord0, as

shown in Figs. 13 and 14, and at least one blocking baffle 60, as shown in Fig.
15. A fixed baffle 30 having slots is illustrated in Fig. 13. While the fixed baffle
30 is illustrated with vertical slots, the present invention is not intended to be
limited to baffles only having slots; rather, other configurations, as described
above in connection with the displaceable baffle 300 are considered to be well
within the realm of the present invention. The fixed baffle 30 has a plurality of
vertical slots 36 that provide support for the tubes 11 to reduce vibration. A
blocking region 34 is configured to redirect any bypass flow from between the
outermost tubes 11 and the inside diameter of the shell 20 inwardly towards the
tubes 11. The vertical slots 36 receive the tubes 11 therein. The baffle 30
includes a plurality of notches 32 and 33 formed therein. The notches 32 are
sized to receive a tie bar 5 therein. Generally, tie bars and skid bars are welded
to the baffles before loading the tubes. In the case of the present invention, this
would not be appropriate for the displaceable baffles. Instead, the tie bars and
skid bars would be welded to the displaceable baffles after loading the tubes and
after displacing the baffle portions. The fixed baffles and blocking baffles, if
used, can be welded to the tie bars and skid bars prior to the loading of the tube



11 are located within the cage, the portions of the displaceable baffles
are noved into the installed position, as described above. The portions are
then secured in the installed position. The tubesheets y be
secured to t hEC&HYLSY the bundle 10. This is acconpli s%gyﬁg@ﬁv\éfﬂg?ng or

ot herwi se securing the end of each tubel®t to a tubesheet. As discussed
above, at |east one of the tubesheets is stationary. It is contenplated
that the ends of the tubes can be secured to a pair of tubesheets 13, one
stationary tuRgsbaat sdicrndrigidayftd drtbungletcupesTieepredeht diveatien sttt i onary

t ubesheet 13 when the U-tubes are used such_that hoth ends gof the tubes are
secured to t hemiegrorugewithdierbarg rathere theqise phrnyeptiong! g refsePoas s i nsert ed

into the shel Dye: slird] : I 6L Qa bid @al he
shel |+ once e TKE' kg bETSed AL e Rot HOAeE i cB® 1S N BV TP,
t ubes sheets BSallwedsebundtbgethet vithshketube2Dl whoD88]displaderble beftflgsper ent to

those skilled in the art that various nodjfi,cation nd/ qr. vari.atd ons may
be nade wi t hotifPlaRsddp thsigadsdpartive CBASCBE e %Fig%aeé ﬁﬁ\fé’xﬁpibgﬁﬂe%Thus, it
I's intended tRaknderoRt fHGHe rhéﬂé%'ﬁ%h@ﬁla@%\‘%?zhatt Bendipgbf iheafeirodscanrtt
vari ations of the apparatis and nethods herein, gr ovi ded theg come within

the scope of teHecedplveingdlr dibplacamentaf theslisplasqehlo Rpiles s The patghes 33 ¥Fai ned
is: 1. .A tube bu . i i sing: : dl e havi ng
2o ural ity oV AU EE T S BELS B EP b E i oar 6 i provRiel 0T ® 0
at | east one sppoduribaidsteiohafitgube pindlal 0 into dfe shpk20uds nbtwhaedl t her ei n

each of which is sized to recgeive | egst, one of the_.tubges therethrough,

char act er i zed®dm 3 FRger eéﬁ‘t‘ﬁ{‘% g‘ﬁb‘@??a%[fal?a?ﬁ%g 3?92)3 ﬁﬁ gf’ieldglaf%??% adquh@nadlda second

portion with @e BRfcki.ngrba‘Pfflestd@)e(fdQ%(ﬁi'b@Ji bé w9 hreaRfintainedsin eCHloper on the first
e

portion and anot her portion o plurality of apﬂertures ocated on the

second porti orrientatignt Adefierbars Atk skad bard 6podthobafflay 30Qi38ptRerddl e rel ati ve
to one anot her t

en a.first | [ POSI.1] facidd Ltioning
of the baffl cOBFTHETR i) STes é“?‘g‘%‘ﬁg“lgag%éfr‘%?ﬁf‘tﬁ@{‘é’?ﬁﬁeéd*“%gstsﬁt DIXRE ausi ng
defl ecti on ofbinde tUbES RE8S BOhdikdes ugRadtloae ppeitionias, blod¢leng aresB5amd second

portions being closer together or further rt in,.the second, ipstalled
posi tion as c&fEeat e Hew ohHuid wglem%%ﬂ}eﬁ@fg‘gé?w S’fﬁhaafﬁedsl towardsfpe | oot one

rastener | ggsﬁag@gsglgi_ Signt Rdefbuhdle 1BOMtHeAMb 96 LRABAEANG dPrelpsHa tbiihd he second
rows of the tubes 11 in the bundle 10. A plurality of vertically extending ribs 37
are provided on the baffle 30. Each rib 37 extends vertically between the slots
36. Each rib 37 preferably has a thickness that is slightly smaller than the

spacing between adjacent tubes 11 in the tube bundle 10.

[0034] A fixed baffle 40 having horizontal slots 46 that provide support for
the tubes 11 in the bundle 10 to reduce vibration is illustrated in Fig. 14. Like
baffle 30, the baffle 40 is configured to redirect the flow of fluid away from the
gap between the outer tubes 11 of the tube bundle 10 and the inner surface of the
shell 20 inwardly towards the tubes 11 in the bundle 10 away from the shell 20
and outwardly away from the partition lanes towards the tubes 11. The baffle 40
has a blocking area 44. The blocking area 44 has a similar construction of the

blocking area 34. The baffle 40 may also include at least one partition lane



2. The tube bundl e device according to claim1l, wherein the at |east one
fastener is one of a weld, a clanp and a rel easabl e fastener. 3. The

t ube bundl e device according to.claim1, further conprisi t one
i nsert positiBREUBEReen the first portion and thengec%ﬁ@%ﬁ%ﬁﬂogoﬁio
maintain the first portion and the secord®-portion further apart in the
second installed position. 4. The tube bundl e device according to
anyone of the preceding claims, further conprising: at | east one
f:cXteg ba}‘fl el bl?t‘kiﬂg afeaPiSU el Hayfl®©40 ﬁmgrdbm phurdlity wé Horizvaadiskots #heThd n each

o] e urali of apertures is sized to receive. at | east on f

t her et hlroough. Slots 46 are catp @noppesipg iideeoldhy PAESR (e Bl S’i&)arﬁ?eag'mTh?e tubes

further conprisj ' : i : i Wthin
the housi ng, \%\lﬁe’s%ia‘# ggécifoo cﬁ@es‘xﬁcﬁéﬁpm%éﬂﬁé‘s pusKthe nibe buRerRi e
plurality of horizontally extending ribs 47 are provided on the baffle 40. Each

rib 47 extends between the slots 46.

[0035] When the displaceable baffles 300, 400 and the fixed baffles 30, 40
contain slots for receiving the tubes therethrough, a blocking baffle 60 may be
utilized as is illustrated in Fig. 15. The blocking baffle 60 is configured to direct
the flow of fluid inwardly towards the tubes 11 in the bundle 10 away from the
shell 20 and outwardly away from the partition lane of the bundle. Each baffle
60 includes a blocking area 64 and a partition lane blocking area 65. The
blocking baffle 60 does not provide support to the tubes 11 in the bundle 10.

[0036] The assembly of the tube bundle device 1 will now be described in
greater detail. A rigid cage for the tube bundle 10 is constructed using the tie
bars 3, skid bars 6, displaceable baffles 300 and 400 and the baffles 30, 40, and
60. The rigid cage is formed by securing the tie bars 5 and skid bars 6 within the
respective slots 32 and 33 in the baffles 30, 40, and 60. The tie bars 5 and the
skid bars 6 are preferably secured within the slots 32 and 33 by welding or other
suitable attachment mechanism. The displaceable baffles 300 and 400 should
not be welded to the tie bars and skid bars until after the two portions are
displaced and secured in the final position. The displaceable baffles 300 and 400
and the fixed baffles 30 and 40 are spaced at a desired spacing. The baffles may
have an alternating pattern with fixed baffles be located adjacent displaceable
baffles. Vertically displaceable baffles are preferably located adjacent
horizontally displaceable baffles. At least one blocking baffle 60 may be located
between the baffles, as shown in Fig. 1.



fixed baffles has an outer perineter and a bl ocking area fornmed between the
outer perineter and the plurality of apertures, wherein the blocking area
is sized to be |l ocated between the housing and outer tu t ube
bundl e. WOg01943%835% ube bundl e devi ce according to cltﬁg?%g%}?m\/}\’ﬁ’g?ei n the
tube bundl e has at |east one partition1Zne separating a portion of the
tubes of the tube bundle wth another portion of the tubes of the tube
bundl e, wherein each fixed baffle has a partition |ane blocking area which
is sized to beo3gpei Btethd h%i’dda@éh@@lﬁdeﬁamnﬂilagﬂmnbéstilomfthambeof the tube
bundl e. 7. The tube bundl e device gcc r di ﬂg to (?I al mtg V\:h(ﬁl’ei n the
tube bundl e hhvidigldmayrhgiinssiica anto shg egenhbe BIbgS { harelpagedinto th pundle

di spl aceabl e f thk B&Hini4 thé ¥&depahkemaiebespaced

al ong the Ionggpgg‘?gﬁgﬁ%ﬁ%g%wlrtﬂ}su@{fs. Tﬁe 1{1%5316' bundl e device according to
claim 7, wher ¢l aredachedlivithinatbe akdee treyyoptaons df dfef dieplpesabledwaéliestare moxad

adj acent fixed baffle. .. 9. The tube bundle V] cor.di to
anyone of cl ai’ﬁ%ﬂ’@‘{‘ﬂa]f‘i WEP@?W??‘TE“%%E{%PW‘OJEE? BA 188% %%;E?eﬁng&gﬁ*gg as a
first part onyfhgshilddsiosRnt ITRR t@dhéets ELAROL Pty boSedubel maheantdspdr tion of
t he di spl aceabl e support baffle. 10. The tube bundl e g%vi ce
according to theyuodls 1§ TWiimisrescamplished bymeiding of efbenyiss sacptipe Hie ead &t ur es
is a pluralit f d t.Slots leadtheldfe QBB BtsGeVi ce
according to gﬁcg‘itﬂgeggf%v%@regsfhﬁe?h/gst% Cuursgﬁdlatbgv%gals a-S(l)-t S eext end ger?ersal |y
paral l el to thet@ary.i Itiioeodtanplatedabdtithgerals @f the tubes can beZecukedrtt hpalr of

supporting a tube bundl e having a plurality of tubes.arranged rallel to
one anot her i fAf 'i?‘%sé‘e?té\kg’, Orierféatﬁ’é'?ﬁgtag?gﬁ‘ﬂrli%ﬁnﬂé’fequ’@%?g h%e _ee} gﬁgrt one
support baf f| g,00,ddHar} 4BEsHENH §hel MBW-hibes hRN@kd beihnaht bth 8nds of the
characterized i n that ‘each support baffle has a first portion and a second

portion whi chtueeardisspired wetbk same fubeslvest {o Bhreasapisbled tubspundlealbisr ¢ on of
the pluralit y'ng%'te@rel o:)tgn%gﬁell 26 % iR8 theMinfte R a1 BY i@ BaR ¥R YRE B POr L1 o

of the plurall Ut €8
Once the bundle 10 is properly oriented within the shell 20, the tubes sheets 13

are secured to the shell 20,

[0038] 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.



- 23 - second portion, wherein each of the plurality of apertures is sized
to receive at | east one of the tubes therethrough, di spl aci ng the
first portion with respect to the second portion froma first |oading
position to a second installed position where the first and second portions
are closer together or further apart in the second installed position as

conpar ed twhabg ddimed id: oadi ng position, and securing the first
portion to the second portion such that the first portion and the second
portion are maintained in the installed position. 13. The net hod

according to clai mI12yhRh&kedtSRIngRishg: the first portion with respect to
t he second portion causes deflection of the tubes passing through the

plurality of apetubabesdle having a phulityhbtubes s sedeasplil tyoncoanefher i wheor 13,
in which th%sfénlrdSt portion is displaced with respect to the second portion

fromthe first" I oadi ng position to the second installed position in which

the first and ssdendomoiuppanbaffe dafiug bhpduralitp af tpdrivoen formeedatheteiresach ahd an

insert is inserted, between the fir ortion and the second portion when
bot h pprti‘?ﬁlﬁ‘gh é?rsézeflgo ‘Eeﬁeév%%d?)aﬁborﬁé)zitt}iﬁgii%és theretﬁrouglﬁ. The met hod accordi ng
to claim12 or dhdsacierizathinQhattdaeh Suppsit bpfilettiaga first portion and a second portion

with a portion of the plurality of apertures located on the first portion and another portion
of the plurality of apertures located on the second portion, and the first and second
portions are displaceable relative to one another between a first loading position to
facilitate positioning of the baffle on the tube bundle and a second, installed position
causing deflection of the tubes passing through the apertures, the first and second portions
being closer together or further apart in the second installed position as compared to the
first loading position, and

at least one fastener for securing the first portion to the second portion in the

second installed position.

2. The tube bundle device according to claim 1, wherein the at least one

fastener is one of a weld, a clamp and a releasable fastener.

3. The tube bundle device according to claim 1, further comprising at least
one insert positioned between the first portion and the second portion to maintain the first

portion and the second portion further apart in the second installed position.

4. The tube bundle device according to anyone of the preceding claims,

further comprising:
at least one fixed baffle having a plurality of apertures formed therein, wherein

each of the plurality of apertures is sized to receive at least one of the tubes therethrough.

5. The tube bundle device according to claim 4, further comprising a

housing, wherein the tube bundle is received within the housing, wherein each of the

Y



di spl aced with respect to the second portion fromthe first

| oadi

ng

position to the second installed position in which the first and second
portions are closer to one another, and in which the first portion and the
second portion are secured together when both portions are in the second
posi tion. 16. The nmethod according to any one of clainms 12 to 15,
further cofd SN has an oulePGRfimB@r ahd leBRtkigNardal Redled dbivicen ahe ohert ube

bundl e al ong the | ongitudinal axis, each fixed baffle havin
apert ur es Rarimsgeriapd thecrlprphityaf aperiues. geredt thehlockingescy i sfzed

o ol

ur
ate

glity of

17 The mo(iacaReRldigdnd Byl @bdlckhe ELAUR, each Tixed baffle is spaced

froman adjacent suppo
second portions.

e wth the relatively displaceable first and

6. The tube bundle device according to claim 5, wherein the tube bundle has

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 fixed baffle has a partition lane

blocking area which is sized to be received within the corresponding partition lane of the

tube bundle.

7. The tube bundle device according to claim 6, wherein the tube bundle

having a longitudinal axis, wherein the at least one displaceable support baffle and the at

least one fixed baffle are spaced along the longitudinal axis.

8. The tube bundle device according to claim 7, wherein each displaceable

support baffle is spaced from an adjacent fixed baffle.

9. The tube bundle device according to anyone of claims 6 to 7, wherein the

partition lane blocking area has a first part on the first portion and a second part on the

second portion of the displaceable support baffle.

10. The tube bundle device according to any one of claims 1 to 9, wherein the

plurality of apertures is a plurality of spaced apart slots.

I1. The tube bundle device according to claim 10, wherein the plurality of

slots extend generally parallel to the partition lane blocking area.

12. A method of supporting a tube bundle having a plurality of tubes arranged

parallel to one another in tube rows, the method comprising:

locating at least one support baffle on the tube bundle along its longitudinal axis,

characterized in that each support baffle has a first portion and a second portion

which are displaceable relative to one another, with a portion of the plurality of apertures

located on the first portion and another portion of the plurality of apertures located on the

-23 -



second portion, wherein each of the plurality of apertures is sized to receive at least one of
the tubes therethrough,

displacing the first portion with respect to the second portion from a first loading
position to a second installed position where the first and second portions are closer
together or further apart in the second installed position as compared to the first loading
position, and

securing the first portion to the second portion such that the first portion and the

second portion are maintained in the installed position.

13. The method according to claim 12, wherein displacing the first portion
with respect to the second portion causes deflection of the tubes passing through the

plurality of apertures.

14. The method according to claim 12 or 13, in which the first portion is
displaced with respect to the second portion from the first loading position to the second
installed position in which the first and second portions are further apart from one
another, and an insert is inserted between the first portion and the second portion when

both portions are in the second position.

15. The method according to claim 12 or 13, in which the first portion is
displaced with respect to the second portion from the first loading position to the second
installed position in which the first and second portions are closer to one another, and in
which the first portion and the second portion are secured together when both portions are

in the second position.

16. The method according to any one of claims 12 to 15, further comprising:
locating at least one fixed baffle on the tube bundle along the longitudinal axis,
each fixed baffle having a plurality of apertures sized to receive at least one of the tubes

therethrough.

17. The method according to claim 15, wherein each fixed baffle is spaced

from an adjacent support baffle with the relatively displaceable first and second portions.
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