Dl SPLACEABLE BAFFLE FOR A HEAT EXCHANGER AND METHOD FOR REDUCI NG VI BRATI ON
OF THE SAME FI ELD OF THE | NVENTI ON [0001] This invention relates to tube
bundl e dewoDcen/®seish as heat exchangers, condensers and ®CEIUS2009/006093

f1ui d-handling equi pment with collections of tubes or rod-like elements,

for exanple, in devices such as nuclear reactors, chem cal reactors,

el ectrical heaters, or any collection of parallel cylindrical shapes that
has a fluid fl ow passi ng over the tubes or other elenments. In particular,
the present i nvePMISBLAEEAREE: BAFRLE HQRcAMEABFXEHANGERBOrt structure
for use in coANDIMETHOD FOR REDUCING VIBRATION OQF THE SAMENdi vi dual
tubes within the bundle and reduce vibration. The present 1nvention is also
directed to a nethod for reducing vibration in a tube bundle in a heat
exchanger. BACKGROUND OF THE | NVENTI ON [ 0002] Tube bundl e equi pnent such as
shel | and gy CFRITIEEANVENTIGNI other simlar fluid handling devices
such as frow damnmpers and 1tow strai ghteners utilize tubes organized in
bundl es to conduct the fluids through the equi pnent. In such tube bundl es,
there is {8Q01dal | yhis wiventioowelatasttotthbe byhdierdeviiessi ssiehals heatexclimagermd

bundi o | < comerigryangl vt purbatiendlive sanretovibselestionsel B5BAET conmon
fi ' t ' ' ith th
Cubes “set MankP e, MR alibie I SS9t A BbIM AT L o (e

tubes) betyRestsedetrival hesibrs, @¥any abilediesh of %ﬁ@ﬂ@ﬂ@ﬂ/lﬁﬂdﬁ&l QRgpe&sn@hher. In
this formation, each tube is adjacent to eight other tubes except at the

peri pher yhas atflued flobepassmit evemtiicitebel oreathey clepmoss.t n particutarsthendi ng t ube
across the tube | ane separating. its rQqw frogmthe two adjacenf rows. In the
tri angul aPrasgpEinvVeRtian relates to a displaceable batfle or support structure for use in

connection with the bundle to provide support to the individual tubes within the
bundle and 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



the tubes in alternate rows are aligned wth one another so that each tube
| sadj acent to six other tubes (the two adjacent tubes in the sane row and
four tubewoizmindsessswo adj acent rows). [0003] | ncreases POTiUSR@OQh@Es i n
existing exchangers are often desired e ther to reduce capital cost by
reduci ng equi pnment size or to increase productivity factors. A common
limting factor experienced when evaluating the increase of rates in a heat
exchanger is the potential for flowinduced vibration danage of the tubes.
Flui d fl oadjaaentetorssx athemmabeshhe toe adjaegntyiubes in the sané rowanddoved

vi brations of .an organized or random oscillatory nature in the tube bundle
and in t h&abesdn the te eAAEENLIANS)as heat exchangers in which heat transfer

t 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 fl ows

around t hiﬂ?ﬂ(ﬂes 'Tﬁé’reé{ééﬁﬁ%ﬁﬁ)_u???u{ id‘@)li&ﬂlij'l‘gge’@xéﬁan‘gie@’ &l Tfen ddsitdacsather

vi bration ch certain criti anplit s, damage to the bundle may

resul t. Tubeeducbrapitaircast byiredwcingeqbipnesmteizdat edincfeast @radusttivetyc hanger
equi pnment is retubed with tubes of a different material to the original
tubes, fofacieEsnph eomimon imiting Spetos experignaedrwhenscyaluating thecwgrease RT| i ght er

Lo hore sBUEH i b DERLECRnER A dhe PORBHAE I E- Gt LERGSEpBRRR e ° P
equi pment g SeRor 2Rd FRIY ggtt&rrﬁ‘ﬂrgﬂﬁ @ﬁ@%ﬁﬁ ggaél Sk rlieab deW—hﬁ%l?L?dz under

new condi t1 ons, becones stbject t brations. Vi tion may

even be eRitauibey 6flan bffemiLsy drtandenancidiilansy nhtine én tiratubebundigend irs stil |
in the flow stream but w thout heat transfer taking place as well as in

ot her bunthecasewnfceyiagsshcl b heat ¢xshengérsiinghigh heattransder takepplace in a

flow streamwith_or wtho heat tr.ansfer 0004] A.nunber, of different
equi pnent %Ewe@n@eﬁ'&% @Fﬁﬁ\?é&‘rﬁ%n&}%}ﬂ b ﬁlLet fa BBPZIPI‘T B?IOFUBEI vi brati on.

One exanmphg,h&atdi€ ah8UeRefht) of tie LM as FReHcAMLd fnd flows around the tubes

may increase the likelihood of vibration. If these vibrations reach certain critical
amplitudes, damage to the bundle may result. Tube vibration problems may be
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 baffle
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



heat exchangers are shell and tube type heat exchangers utilizing rod
baffles to support the tubes and secure them against vibrations. The term
"baf f| e" wefermsssshe cages, placed every 15 cm or so alomgistéve/ob@ngt h of
the tube bundle, in which the ends of_q;plurality of support rods are
connected to forma cage-|i ke tube support structure; hence the term"rod
baffl e". Rod baffle exchangers, however, tend to be approximtely 30 to 40%
nore expensive than conventional shelland- tube exchangers and there have
been sit uthd cagesyplaced cutry buonhl er stealong sholength of Kientbhdbuadieiih echichvi ng t o
fl owinduced vjbrations. The rod baffles nust have_ very precise di nensions.
If the rol€ endsfp plwraliy-of5uppert 1gds aye W&i@dﬁomea&%ﬁk@ &abeyj | |

occur. |f | i ver i n b di 11 be yer

ai 11 cul ¢ S RIS Senel B ter bl Fof Pl RO AR Ut RO o,
exanpl e, kéhdiobe dHroRinatiRE30 fo 30% Rfofe LSRN E thadilcoventionaAqBefi38 10
Gentry; 5,553,665 to Gentry; and 5,642, 778 to Gentry. [0005] As descri bed
in U S Pahétabé\excHangbfs, fifibthecehawd beaapsituations wiseretutidburidid deaidese desi gn
such as gas-conpression applications rr‘% benefit from |l ongitudinal-fl ow,

wi th shel pf ghigkingd bavafaledpysiag todloye-indugad vibetionsd (e rod bafflenaust si de

Pher oby r DAL Ty TSR SREERSBIS, o Tbrs BEroE Bl als ity indRS%edune: of
tubes by hﬂfer&ﬁ%'\ef‘g%ilfb"ccﬁﬂbﬁ‘tﬂktrﬁ& &'Je(g@g;ﬁg%fbvérsﬁed thbe1 ﬁg%ﬁ et ween

two adj acent rows tubes as neasure the center o tubes.

| ncr easi ngemyediffieuls pad ergensivels Radlbaffloheateahahgersiare desdriby, foi nce
i ncreased baffle sgjggi ng increases the likelihood of flowinduced tube

vi br at i one¥epie; &h RatentsiNes. 4a342,860 ée Gentnyegirabs 612&8,638 ta Genpy; t o deal
Bl ternati 9050t GeRr RS a2 A8 OIIMEYt desi gn. Thi's. hovever, i< even
nore expensive than the rod baffle design. Like the rod baffle,

[0005] As described in U.S. Patent No. 5,553,665, certain applications of the

rod baffle design such as gas-compression applications may benefit from

longitudinal-flow, with shell-side pressure losses 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



the eggcrate is al so susceptible to tube chatter that could |lead to tube
failure. Chatter is the notion of a tube hitting the tube supports because
of a gap wetwmaneishe support and the tube outside di anmetPemr/USTéne/00@p3 i S
required to allow A - for inserting Lh@_tubes t hrough t he eggcrate support
when the bundl e is being constructed. [0007] Besides good equi pment design,
ot her neasures may al so be taken to reduce tube vibration. Tube support
devi ces or tube stakes as these support devices are commonly known (and
referred far insertimgsthe pelodst theaighothy eggyrdte supparamwhen tha bundle isthgingindl e i n
order .to control flowinduced vibration and to prevent excessive novenent
of the tuBeRStYEtehnber of tube supports or tube stakes have been proposed
and are conmercially available. U S. Patent No. 4,648,442 to Wllians, U S.
Patent No. 4,919,199 to Hahn, U S. Patent No. 5,213,155 to Hahn and U. S

Pat ent NO!O(ﬁ)?‘}Ol, $3ide’d gabquishe R @ERE otR@SREARR s nidyadlsh be tatestoof t ube

st ake or fube support which can be inserted into the tube bundle to reduce
vi br at i onredu@eabe vitpatived Tubbsuppart dsvives oaltsie sthkemas theke Supprat ent  No.
7,032,655 to Wnni et al., entitled "Anti-Vibration Tube Support." The use
of the tuBevisesrrescaramemly kpowarand sefered tadn dhisspacificghian) Bayde

i cul at | ffecti ' duci I b ' I n.tube bundles. T
bapeci al | B i s Pubdiedissdenib o biariadeed MR p R ormron
' d |4 | 5A 66 ' itled
Redboed Urbea oo PREARHEPA QRthe OGN S APk sFppdlts or e 11 ¢

di scl osur gtakbs W@beérﬁ?idpb@é@aﬁdhmjc@nﬁ@réiiaﬁgldvylilbbkeeU]SbBatB,ﬂf Boence,
di scl oses the use of slotted baffles to SUPEOH the tubes within the tube

bundl es, &$48ibtito Wiiages, US4 PatembNos 9% taikkadin, - kePatrasOdi scl osed
in U-sS. ngflgt,lg\go to P7121 S%hgﬁ?.S?i’gte%%ﬁ%. %?4&%6? % Htagxey fonrdéx\élrrgp"ig,l detslélblgg
different types of tube stake or tube support which can be inserted into the tube

bundle to reduce vibration.

[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 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.



into contact with the slotted baffles such that the baffles in conbination
with the stakes support the tubes and reduce vibration, as showmn in Fig. 1.
Ther e, howeweronssssa need to reduce vibration in tubes pomdiseeowdonput t he
use of the tube stakes especially for_Q§§, for exanple, in new tube
bundl es. SUMVARY OF THE | NVENTI ON [0009]" It is an aspect of the present

I nvention to provide a tube bundle device (e.g., a heat exchanger) having
at | east one displaceable baffle which supports the tubes in the bundle
devi ce. TRUMMARY {OE FHEMNEENTION used by way of exanple. It is _
contenpl ated that the present invention is not limted to tubes; rather, it
Is contenplated that the rods and other heat transfer or fluid flow

I nts e ernpl.qye d ' . | Wit hi .cope of
the. pr esenIUdTyentt S T8Be07 e i R Rickgtoh ez *ﬁ@%&&uﬁd&%@%ﬁign to
rovide agebmar i ' ' iAgRe WIER 385 sbridbe
EUp'por‘t tgb'%ggul%‘ggs?%ﬂré??ie@#w‘fﬁ%gﬁfggﬁ%%%sgmggé?\éggi n?:l udes a 'housing, and
a tube butld mbeooathedwidididavicke Tﬂmmiemf.thé’hmﬂigbb@ydsdisﬁlb&sw%y pfural Lty
f tubes arranged parallel to one another in tube rows. The tubes nay be
are anged PRAEDEoY gﬁq@qnﬁﬁ@nvlatéé thatdhe aressphmvgnHaniipRoblimiteddaebrs; onal

di spl ace a3 sPBlasaarel Fak MR ads 3o 286 heAT ahSlet OB Ty doRGs 2°"°
plural | tyeRindiReliay RS hBITRA driddhie cBsiliBRPRYd weR Syithih b AEENE Brfifeei ve
at | east one tube Therethrough. Various aperture contiguratio are

cont enpl apedentlinecafen.t ures may be sized to receive a single tube

t her et hough. The apertures may be forned as el ongated slots to receive
mul ti pl e tubes as disclosed, for exanple, in co-pending US Patent

[ [ . 11/.905,694 filed t ober. 3, 2007,, ent.itl ed " Reduced
0P br it ontORIE o Hdf @R iaSpFeig e PR ThuT eREion to PRGY ide Bl RIPECO IR ch | s

I ncor por apgalIBMel RS WAAE ptdVilldeincreased tube support to reduce vibration. The

tube bundle device includes a housing, and a tube bundle located within the

housing. The tube bundle has a plurality of tubes arranged parallel to one
another in tube rows. The tubes may be arranged in a conventional rectangular
configuration or a conventional triangular configuration. The tube bundle device
includes at least one displaceable support baffle. Each displaceable support
baffle has a plurality of apertures formed therein. The apertures are sized to
receive at least one tube therethrough. Various aperture configurations are
contemplated. The apertures may be sized to receive a single tube therethough.
The apertures may be formed as elongated slots to receive multiple tubes as
disclosed, for example, in co-pending US Patent Application No. 11/905,694
filed on October 3, 2007, entitled “Reduced Vibration Tube Bundle Having
Slotted Baffles,” the disclosure of 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.



entirety. The apertures may be forned as el ongated slots fornmed from

el ongated rods or bars secured to a cage, as disclosed, for exanple, in US
Pat ent NowO20Q1363838 and US Patent No. 7,073,575, both eotTiusked/oidesiuced
Vi bration Tube Bundle,"” the disclosureg of which are incorporated by
reference in their entireties.[0011] In accordance with the present

I nvention, each displaceabl e support baffle has at |east a first portion
and a second portion, whereby the portions are selectively displaceabl e
between a first |oading position to facilitate positioning of the

di spl t baffle on the tube bundle and i nstal | ed
ot ¢+ on_ AMHInG. Jepeeitabee Bith e PrawoL THACLPRG 49N GRBHCERICORDPR 1y of

aper L ur ey e ARAANCARS fiS] Borl ASLENE Sed LA HRIRPEN Rrlond Bt 1 1

the portionsin-'t “I'dading posrtion. tet Toca | spl aceabl e
support bgadietigvdlp didjRacl@bié Betweeaal fifkh |GHdng pbbigiontbSasilitdteosittomimgindl e,

the at |east one first fastener is either |oosened or renoved to permt
di spl acemefithedisplaeeghie suppert baffhe or shetibetmunsthe And alsecondinstalledecond

position. The first, fasteners nay be cl anps, scre bolts. or .any ot her

Sui tabl e PastiensausAgdefiechoRiotdhe bes pasiBg qvgmbem?v@fl%em EHHhi | e
bei ng installe b can, be remy t rm ' . . portions
to the seégA%FSgBEF ﬁrgtrfasﬁepe{ & %Xf(ger%géggﬁcﬁ]rarghfrﬁéﬁgggﬁ%%@scgﬂtﬁge ei t her
brought clip§apadiAgPoRIoL" APRF ﬁ%iﬁfngrth@ ﬁfsg)i’é&%lé Juppoe: seRnd thest al | ed
position provided that the tubes passing through the displaceabl e support
baf f| e ar desiadd lectton aking thesixivofthedubabuhdle] dreeat leastpmeViethstenesecur e or

mai ntain the portions in the second installed position. The second
f ast ener s €ithsr lpesenedrpraremaved\ie pepmit displacementet teypastinas with fesped

astener LOSLTIhRL B 0% o BLERS 4B HREAREGR mAThEL LB SR sor, T

Rl g R T T e
position while being installed, but can be removed to permit displacement of the
portions to the 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.



other in order to provide the necessary deflection of the tubes within the
bundl e. [0012] In accordance wi th anot her aspect of the present invention,
at | east woeoinmsesss i s provi ded between the portions toPpras2ee/0odees
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.[0013] In accordance w th another
aspect of the present invention, the displaceable support baffle is used in
conjunction with at |east one fixed baffle. Each fixed baffle having a
plurality of apertures that are sized to receive at |east one of the tubes

t her et hr ol 31 The 1B ac¢erdance wathranothenaspeeto presens inyention, thee

di spl aceahyl &,su rt f I. e I ' ' g.0f the
! o Bl SRR BB R AR GE R A0 B A1 R TBlegieO! L
adj acent iEaXR¢ixRaale hW/fr% éﬁﬁﬂaﬁ‘@ Y dRPQIeEEINat aMdfifed Bfredeb Adean! e
support bafaf les are located 1h thei'r second installed position, the tubes
are def| eohedfthstibes therathrenglunThs a¢ keashane fixed balids and the atdeastainet he
fixed baffle further stabilizing the tubes within the bundl e and reducing

vi br at i ondispbayeable|suppettdraffle @se spagedyadeng the leagitudmal axisrofithe thesent

i ti i spl bl t batfle f g Li luralit
of tubes bHAde: TBeREERN Each ERElAseriesubroR i€ i helkB Rl el fl o
o T | !

ol ur al i vy Tspd BaHe Sk shctba bftafBmen SARRANE diiflaccabiiu i ebalesn 2

havi ng at atechshtedria their Sécdmbingtiledgrsitidn, thé aibesacedeflgetela quffitent
together in a first | oaditrllg posi tion. The displ aceabl e support baffle
further i aolouatsucht thattha tubge alsecontadt ke Gned batlle iwtheristabilisingthag t he

of the pr ddsovithipdfie BERGTEa BRI of supporting a tube bundi 6
having a plurality of tubes arranged parallel to one

[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 ohe 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



another in tube rows and | ongitudinal axis extending in a direction
generally parallel to the plurality of tubes. The nethod includes |ocating
at | east woeodvespizaceabl e support baffle on the tube bumdrasaongovhe

| ongi tudi nal axis. Each displ aceabl e §§p_port baffle having a plurality of
apertures fornmed therein that are sized to receive at |east one of the

t ubes therethrough. Each baffle having two or nore portions, wherein each
portion of the some of the plurality of apertureslocated therein. The

net hod f ulothted thereind&he anethbd durther imelystes isplacing tthe pesinstwith respest ot her
to an installed position and securing the portions i.n the. installed
poSi t i on.toﬁ?@ht%g@'stoﬁéls@is%leﬁmoéﬂw @@S%@%&@@MO%& ﬁhgsm%ﬁaheﬁef | ect ed
when the portions,are displace ' re

DESCR! PTIRRIGRTTIEe %W&é‘%[cgo‘gi%qémr%‘g iffakedote B Soﬁgﬁeggﬁgg@%ed in
conj unct i @R J¥ibnd e ASSREPEWItH EsHEAW Raeh bthethi ch |i ke reference numeral s
descri be ﬁ l?g é?%nentsggﬁd wher ei n? Fig. 1 is a schematic view of a tube
bundl e having at |east one displaceabl e support baffles in accordance with
an enbodi ment of the present invention; Fig. 2 is a schematic view of a

di spl aceaBRIEH DESG THQNQFTHEMRA‘WI&Q_%' an enbodi ment of the present
I nvention; Fig. 3 is a variation of the displaceable support baffle of Fig.
2; Fig. 4.4 not . l.atl thedi s > : fle of Fig.
2 Fig sWORSTIS: TR RPN Abu PE s RBeRTE SPhRHBRSLIN B 1 E 0 € O
Fig. 2 hayddy n}ﬁirﬁrﬁﬁ’g atdving9fin RAiER ARE aéfeYerenBedlSd@icsibenikecelomdatce Wit h
the present invention; Fig. 5B is another variation of the displaceable
support baid IMaendinFi g. 5A having nore than one parallel partition |ane;

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. SA 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. 6 is a side view of a tube bundle device in accordance wth the
present invention having a displaceabl e support baffle in a | oading

posi ti on;wbi2g10/086338§ a si de view of a tube bundl e devi cePoff/uUS2@9/0860bRViI Ng
t he di spl aceabl e support baffle in oneginstalled position in accordance
with the present invention; Fig. 8 is a schematic view of a displaceable
support baffle having a clanping device in accordance with the present
invention;Fig. 9 is a schematic view of a displaceable support baffle
havi ng anot her clFEgp? ina delvimati¢ niexcoba displaceablensupporpbaiélediaving ent i on:
Fig. 10 is a side view of a.tube undle.&gt}(li ce of Fi\?eir\ﬁ havi ng the

di spl acea®tther clampingdeyicg in aceprdanes Withsiig Presenb gAUR: i n accor dance
with the present ¢.pv | 00:1.Fi: | ‘| [ kepl aceabl e
support bar T hdVEngot BFeaiPy i bbsTuREeaRiLe of iR Phafingee, TE2

therein i &isﬁﬁ‘é@élﬂ@@ﬁ?p&h%fﬁé‘ﬁl Rh&RE instd)led¥dsition fri focotdance withehenat i c
vi ew of a di spl aceabl e support baffle having a plurality of rods formng a

pl ural i t ypmkemstiiaventsorged t o recei ve tubes therein in accordance with the
present invention; 13 is a. schemafic, view g{ fixed syppqrt  baffle
G

. Fig. : :
havi ng verti cal Higt Ugisdl‘ seheanatic view ofd displargable SPPROERHEFIEVIRE A t he

present invention Fig. 14 is a schenati ' f_fli i baffle
havi ng h n]] htyﬁr}’oaegﬁggsfs&ecﬁ e R VE mﬁﬁgéﬁﬁn% %490?18%%:0%:){? ggrtlcee with the
present i pveEtiiADentddll Fig. 15 is a schematic view of blocking baffle for
use in the tube bundl'é in accordance with the present invention. DETAILED
DESCRI PTI ON OF PHEEERRED: EORItMENES 608 Hidpladeabler apport bafflerdtavarg ai | | now
be described in greater detail_ in, ) . o
plurality of rods forming a plurality of slots sized to receive tubes therein in
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

[0017] 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. It is
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.



connection with the following figures. Applicant notes that the term nol ogy
hori zontal and vertical when used in connection with the present invention
i s I ntendwd 200/@6336i nt of reference to describe the ori enratSz@/00d09% he

i ndi vidual conponents of the baffles wjgh respect to the other conponents
of the baffles. The term nology is not iIntended to describe the orientation
of the baffles or conponents, which nmake up the baffles within the heat
exchanger. It is contenplated that the tube bundl e device 1 can have one of
several orientations when in use. Thus the tube bundl e device can be in

general ofjented horizqntally, vertically qr any, angle.relative to.the

hori zont afd.o[ 18] RA“‘%’G&&‘"%%?@“EMIH&H%{Y;ﬂ%ﬁpé‘F%’(l}/antgllﬁséi)ﬁ drated m B 5

il lustrated ' The: t ' t a,t I vice 1
(e.g., a ée;[‘th%etggﬁghléglre orlsd%%gﬁ)?élgﬁezlﬁlﬂrgdlh?gtg%{erlaﬁ% af Hcég?r%%érﬂeaglggr gﬁhe
tube bundbﬁle_ileuiitmb%ésﬁtranﬁ%#e@«hgbﬁem. Taedhbebuhdlea® thtluddliahueaitgnd
between a pair of tubes sheets 13 and 14. The tube bundle 10 is fitted into

t he surr oofipanatebtubkes 1dy wihiets extgnd Bevfedrhe paird thbessheetiel3 and 14. Thiw cal | y
fluid fl ow occurs thr,ougth both the inside of the tubes_ 11 and within the

shel | 20 &bedyndie b0 iy fifted anter the sarnoypdingishellrhqusme 2O odthe e s provi ded
w th baff]es, to reducerfl ow.i ndu Vi bratipn wyt.hi he tube-hundle 10 and
di rect  nRTRIEAeB RS aTyp Rl MY bram Bl ot b Fisidiy B BRbEs * 20
[0015] A g1 sl 36ifARIRe SHAPOD'achRS/the 0dfAid Sf tHel tiBEd 1 Cdheltubt Bundie ithe

di spl aceabl e baffle 300 1ncludes a plurality of apertures that are sized to
recei ve teprouiied with baffledioceducd flatv-nrluced istiatiph acieliinl the bathé bend60

i ncl udes a pl uralité@of slots 36. The slots 36 are arranged to correspond
to the roWand dinget theodew of the fhuid towards éha tubea 1| away fiojn die shalk2@al | y
extending ribs 37 are provided on the baffle 300. Each rib 37 extends
vertically between the slots 36. Each rib 37 preferably has a thickness

B ol 9D AL e Dub o A ol Rg R, s 111 e
displaceable baffle 300 includes a plurality of apertures that are sized to receive
the tubes 11 to reduce vibration. The displaceable baffle 300 includes a plurality
of slots 36. The slots 36 are arranged to correspond to the rows of the tubes 11
in the bundle 10. A plurality of vertically extending ribs 37 are provided on the
baffle 300. 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. The present invention is not limited to
vertical slots; rather, horizontal slots 46, as illustrated in Figs. SA 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



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.
W th horiwonvaldsg3zext endi ng slots 46, a plurality of horcTast@bloygeoext endi ng
ribs 47 are provided. Each rib 47 extepgls horizontally between the slots
46. Each rib 57 preferably has a thickness that is slightly smaller than
t he spaci ng between adjacent tubes 11 in the tube bundle 10. The present
i nvention, however, is not intended to be linmted to the use of vertical

sl ots 36 oagehdr4,asshawnsindtig. 42, It istdoatemplarest thap tre: useesf epemingsnd Zhpl at ed

i ncluding_but not lim.ted to horizontal slots, ni ngs 371 sized to

recei ve af@ilRgP¥Ing, ivigualaibend ihers pygh may ok %P‘%i%?‘gﬁp%gﬁi ngs 372
f or med fr?&ﬁé&ggﬁbed bars or rods 373 secured to acage 374, as shown in
Fig. 12. i ontenpl ated that the use of openings 371 for receiving

i ndi vi dual tubes 11 therethrough may be the preferred aperture
configuration. [0020] A blocking region 34 around the perineter is

confi gur ef020]r edir blockamgyregypad4 afound theqrerbeetee encartfegured &0 maskitect ubes 11

and the inside dianeter of the shell 20 inwardly, towards the tubes 11.
Vertical anypbypas Hlewdrem bepueen thesoutermegtitupes Yﬁ'ﬁ@d%ﬁ mszsdes@lamf'é‘rmés a

plurality_of ,natghes 32, apnd 3 orned therein. T 3 tzed to
receive at}}ei Séleﬁaﬁp ‘%’Wﬁ}yefoﬁyaf%ﬂ@‘%@&’éﬁég- 3\26131'981 QI%ESE%é fegé%fveectiiies'éﬁ%ssis id bar
6 therein ' ! ' i fdovmhéWttensiar t i on of
the tube. mdre s D R e T R et the
baf f| es 3QBeaoechH®Bi2 @reetd to rebeivpadjebaros thereint i Dire ndiched B2 abmsized, t he

skid bars 6, the displaceable baffles 300, the fixed baffles 30, 40 (if
utili zed) taaregebiect skid dpap & theesin.e d heiskidiban 6 reprovidribtondISUFOSYRRETt i gi d cage, -

whi ch faci,li.tates the i.nsertiqn e tubes f the hundl e, 10 .i,pt o t he
shel | 20, dpeiog ipoerlpR ebirs fubeiindie L0 erbdRe Shett 2l enotps S2dpa g '
gf‘g‘(‘:'r te't g“ 54#%“3% ghaYi‘lhE BaFERAGR 52 himtdiHEE$n e Yoplt Brith@tionberiidbgrsl0 into
5, the skid bars 6, the displaceable baffles 300, the fixed baffles 30, 40 (if
utilized) and blocking baffles 60 (if utilized) together form a rigid cage, which

facilitates the insertion of the tubes 11 of the bundle 10 into the shell 20.

[0021] Typically, the tube bundle 10 includes at least one partition lane,
which separates the tubes 11 within the tube bundle 10 into discrete groups.
The partition lanes do not include any tubes 11. The partition lanes 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
desirable to redirect the flow of fluid within the bundle 10 away from the
partition lanes towards the tubes 11 to improve heat transfer. The displaceable
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.



The partition | anes do not include any tubes 11. The partition | anes may
have horizontal and vertical orientations. Fluid flow ng through the
partiti orwbanm®seis3és not contact the heat transfer surf&cearsedoonm@os ubes
11. As such, it is desirable to redire¢gj the flow of fluid within the
bundl e 10 away fromthe partition | anes towards the tubes 11 to inprove
heat transfer. The displ aceable baffle 300 includes at |east one partition

| ane bl ocking area 35 and 3 10 to redirect the flow of fluid within the
shel | of {0022heat Thechsplgesable baffker 300 irmaccondanse mithantaspectufdhpundl e 10.

Th I lit f t s.is | t ed ' I.d th | ocKki
arcas 35 BiFCS IMCROVRE TSN AbERsD TR HE DSBUOT 320 268 d2HAUOW (  an
t of . i. i L VAi: ' » at
port i ons. BUGTERIEIEEOLIBYERISAT IArk sbHLHE Suosd PO, The BRRUOTRRERAI &Y, |
area 310. fohRdaRy Ehttin@thk 3AES8B0 listoltVoRR1iBHs CThid &vh ﬁélﬁcdlﬁﬁ%ﬂiﬂxoaqgl into
two sections. THis can be acconplished by |aser cutting or other suitable

cutting nisaochttihperathen swtabkhapttngfmethed b ikl arignal hiape.of thebeffte cutti ng

the baffle into two or npre sections) may be slightly Iarg{te?r %ﬂglag,the
desi red sBeQ& .subefore guttingthg drfile infodwarqraporg sgctiops) mayhe sightYect i ons

W th the ey Bn FheBrsiRar iR tnetToAgne Rl REF bAELR's bUfimyugone =t o
t | . t: 1 . .
Y o R L e

t he tube kuithathe siAe b ihhat pdrivaeteabf kiee S0 20inithe afsoogentemplateditted at t he
desired location on the tube bundle 10. A renovabl e clanmping assenmhly 350,

as shown the irgons 326apdes (eandbe Brrawduasscprratpseatianss Thsgpemions3eP purpose
o BT 0Py SR L8 DS Bt 141080 SHEEHLIEDRL AN FEQURARBRST Y 1
D) o ORI SE B AR IR oy onSe o bug ol o

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 300. Once the

baffle 300 is properly located and the tubes are loaded, the clamping assembly

350 is removed. The baffle 300 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 320 and 330.

[0023] Stiffening of the tubes 11 in the bundle 10 to reduce vibration can be
accomplished in one of two ways. Once the baffles 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



the portions 320 and 330. [0023] Stiffening of the tubes 11 in the bundle
10 to reduce vibration can be acconplished in one of two ways. Once the
baf f| es 390 2arhs6i3ker baffl es described in greater detaPCThsk@woatoes
properly | ocated on the tube bundle 10;and the clanpi ng assenblies 350 have
been renoved, the portions 320 and 330 can be noved cl oser together to a
position 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
t ubes 11.prbvidediafdhefasienar ofainthmnstthe perteensss2) and 86 tagir prORSK r educes

vi bration, The portions 320 and 330 can be secured {ogether using an

appr opr i atnstalkedpositiniydenag grerationaf tﬁﬁl’i’éa%@i‘f aQBChppropri ate cl anpi ng
device 370, a nut and bolt fastener assenbly 380 or any other suitable

f ast ener provi ded such fastener maintains the portions 320 and 330 in their

proper i n@fé)?';/t']e‘j PAORhAtRR] ,;tfﬂc@gh@lbﬁfﬁéé 00 hd bﬂﬁr'ﬁﬁﬁﬂeﬁé@@"}ﬂﬁﬁ@fl%&- I [ 0024]

Al ternati once the ba es 300 and other baffles are proper ocat ed

on the tulkeatudnsh theltibabantlee] @ haditaclangdeghbieasb]l B50 Hubhavedesen r enoved,
t he portions 320 and 330 can be noved further ?&:gt to a position shown in
Fig. 10. rm@%%p@ﬁ@ﬁ@&@aﬂl@ﬁ%@ammm@’@@ { 2RaEFE0 3POSHIQR nal shape

h i l.i ghtl [ h th wh i i j i ; jyti ,
the out e SSEH ILFE 1 T aprEngSaiaybe e ) Teby Al of dupg, o"
i nner per {8 O 5§i%;ﬁ/t1§:§?xg%ltelr-§ﬂ@h Hdt WenR & EMe iR6tallBE po¥RioROHd ons 320

and 330 is achieve y noving the two portions away from each

ot her, thpeugpetifiretersef the baffle 860 shbstkstislly torespdagls tarhe pinecipegmeeter oper |y
formed insert SQOW(SFV\hich may be forned froma_strig of netal) in the space
391 bet weefithershellwdl hsoslighsmeosaneninf thegtwerpartieny 32 pad 330 .1s ephievede force

oo, i30S 5E kB POl T BB el B EL o IR, L1

create a pandi NdcfLsCHhelke Bfid PGS 3 MHop&ey Bkmed insert 390 (which may be
formed from a strip of metal) in the space 391 between the two portions 320 and
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.



stiffen them The two portions can be welded to each other or secured to
each other with another set of clanps to provide additional rigidity during
bundl e hawmdl2prigsedsn such an arrangenent, the apertures iPaTiuseodabdobe 300
contact the tubes 11 causing an outwargsdeflection of the tubes 11. The
portions 320 and 330 can be maintained in such an orientation using an

i nsert 390. The portions 320 and 330 may be welded to the insert 390. It is

al so contenpl ated that a clanping device 370, or any other suitable
fastener {@29)e udedisplacseblersupphs tadfle 40Ass ﬂmt@m‘ﬁ BBBighdévi Thel such

fast ener tains t rtions 320 and 33Q in their proper ,instal.led

posi ti on. H?SII’P"}@I&‘W E%Otllﬁ‘c %atpﬁ'éﬁaﬂﬁ}ﬁg??h?%‘krﬁélé@t??fre t%’r@d:tﬁsr'éﬁ:ec‘v%%
shoul d be,s]| . .th ' f p:n, t he
par 1 e 300 WBF L (hEFARe iRl PTACUSHRERRR bathIe 4003 AL o By 30,
may be abgplofs #6. ThEWJtS 4ekark ABrdnked el SRt aor@RbaNE YOWSOF thahuibes 1400 i s
illustrated in Fig. 5A The displaceable baffle 400 includes a plurality of

aper t ur esirn thetbuardde $0z &dpturalincef harizdigall yibetending nbs 4dace pwivnded bon. The

di spl aceabl e baffle 400 includes a plurality of sl Otﬁ 46. The sl gts 46 are
arranged ths baffleddo ferahorib e exterdsdiorizaatallipbetween;the slpts Andiashtd A

fl
Bach 11 b’ 4% PRSIEIAE o e BisRESR (b ket shafi e i Sl bPGg 1 © 47
pref er abl gﬁijgggr}]tf}u%)ﬁiﬁ“ﬁ?ﬁ?e_ fubelburl S} 0 ITHeXIGEAG] B Beiapldcaa witRCT ng

bet ween a es 11 in the tube bundle 10. The sl ots 46 can be

repl aced mﬁ')éﬁingpeﬁl@gelﬁfght@i optringa 822, aypdusicriped aB@ve.as descri bed above.
[ 0026] A bl ocking region 44 around the perimeter is configured to redirect
any bypass flow from between the outernost tubes 11 and the inside dianmeter

RN AT AT e e A O R £ R
%ﬁef ‘r’]g{“gﬂgngyhggﬁéé}ﬂ&b%&ﬁtﬁﬁéeﬁ&@éﬁeﬁhéﬁ%B& | PGRY Ve thsidEaBfieter ST el n.

the shell 20 inwardly towards the tubes 11. Horizontal slots 46 receive the tubes

11 therein. The baffle 400 includes a plurality of notches 32 and 33 formed

therein. The notches 32 are sized to receive a tie bar 5 therein. The notches 33

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

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



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 not chwe 28R/@m3533 ensure that the baffle 400 is nai rCAIUSe@i0nc0dhe
proper orientation. The tie bars 5, thegskid bars 6, the displaceable
baffl es 300 and 400, the fixed baffles %0 40 (i f necessary) and bl ocking
baffles 60 (if necessary) together forma rigid cage, which facilitates the
insertion of the tubes 11 of the bundle 10 into the shell 20. [0027] The

di spl aceablosking #iea 4600Therpanidien lane HOhds fameedoby cittingnthe daéfle #00 Rnﬁ@g ar ea

45 to redirect the flow of fluid the shell of the heat excha 1
t owar ds t F¥O segftansy 11y C’?Hé’et%%“%ﬁg‘?‘g by daserquttg erpthey syitablg cuft s i's

| ocated o S [ e baffle
400 i 1 acsPRRCLIK: HIPES®L L5iBiaF phite, & batt 4007, €. SEFESRRLE 11
at | east {Hbh TRRINR] Qv BF Eﬂd?@%eé‘t?&sé‘%@hﬁ’@@sl@élﬁﬁgld@géﬂﬂhhh%e desiged?0l in
partition | anebl ocki ng area . The partition I'ane 401 is formed by cutting
t he baf f | ehap@Guichtthat thve baéfle |4065afteflm is cuamtbewa(xcotrphs sk s imyarl aser cutting
or other suitable cutting nethod. Like baffle 300, the original shape of
the baf f| Bsidtedposation b@& @n@ueqmerwget@mabasr eqwstmtovvt%hwlszé %ect i ons)

may be sli htI darger ed_ shape t he ba

arver it I gbrindor beaBel D LhE I RomRRE 42D R0 R e 8eP EifRras an
outer perj t | f ter of
t he shel | mﬁer%hgﬁghg%f??%n%kwlﬂl Ba%o are rro\?%}gl}hﬁnggglefvgggtﬂ?\éer? Li ke
baf f| e 30Portione 420 gyid %30 areamevew Yurtkersdpagthinl the snsthlled podieiont Hea sparfet | ons

420 and 430 are noved further apart in the installed position. In sone
ci rcunst aﬁlé@!;mSttaﬁ@cSaéb@ h@@&cqxahgagerll may nebthaveadpastipen dane. ohhisangy Thi s may

occur in a si ngl e. ass hlilat exchange such an arr ement, it is
desi r abl e®t9i lﬁ@l %Pﬁsf qgtgp(clgaé{}g[e t '%ﬁu&hﬂ% agﬁngﬁ@ea{isg’lsaceabl e
baffle (ig 1rafbtlé‘ﬁ)eﬁ%ﬂ.¥(¥b] A aftiTeib YR itiBA fardeSol M GRPELALaBIR WAFHET.L OgRer M t

the cutting o
width of the tube lane is increased) in order to permit the cutting of the baffle

into two or more sections along the partition lane 401. It is desirable to include
an artificial partition lane when there are no partition lanes (e.g., an exchanger
with a single tube pass) or a partition lane is desired where one does not exist.
Fig. 5B illustrates a displaceable baffle 700 having more than one partition lanes
701, 702 and 703, which divide the baffle 700 into portions 710, 720, 730 and
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.



into two or nore sections along the partition lane 40 1. It is desirable to
I nclude an artificial partition | ane when there are no partition | anes
(e.g., arwexectvasgss with a single tube pass) or a parti PPcorsk@amodoss desi red
where one does not exist. Fig. 5B illuggrates a displaceable baffle 700
havi ng nore than one partition |anes 701, 702 and 703, which divide the
baffle 700 into portions 710, 720, 730 and 740. [0028] The portions 420 and

430 are secured together for |oadi ng.onto t he tube bundl e 10 such that the
baffl e 40[0028h beSpfisping ¢f thecubesi1 hin thecberdle l8doireduge vibration gan bebe

bundle 10. Ar vahl e cl I ng assenbl y 350,. as, .sho Ln_ Fi 8, may be
used to s%‘iﬁﬂ‘%ﬁﬁégﬂﬁppﬁdﬁga@o éY%e&nFBﬁ‘bg?%ém fan\gjgbgrrgﬁﬁkﬁstal ling the
baffl e 40 f 4 ' ' ' ' ig. 6. The
fubes 11 ApeBEd i gredr delall HIE0 8¢ pEIA £RqR di IdkbELERAIMT B 2.

bet ween t figheR QI tar® Msadtdanthe L3 pARCA st b8 350 hade Beks romoped, thel ocat ed
and the tubes 11 are | oaded, the clanping assenbly 350 is renoved. [ 0029]

Sti f f eni npoxtforis M@ Otanied3 (L dan be nievesloldser to@ether taeal positionishawinom kign 7be

acconplished, in one of two ways. Once the baffles 4 ot her baffles
descr i bedof HigyPe dnesuch @nArrangsmant the apeHHESS \p tﬁ%@é&i‘?ﬁ@& copiact thse bundl e

10, tubes_11 gre | oaded and t.h I i li . renoved,
the porti BEs d3gaunneamToamosEistER R MERRRTd et iy U BEiBs  Tohown
in Fig. 7iPfedicdyvittatibh., Theborions 120 4RAAI0 canlbe fRBfddHopetter ushify daffle
400 contact the tubes 11 causing an I nward deflection of the tubes 11. This
stiffens appropribeswéld dlong eheipartitidr lane d1, dinepppriatnsladfingdv®0 can be
secured together usi ng. an appropriate_weld al ong the Eartition | ane 401, an
appr opr i aBé0,¢4 Rupantybakifastenerrassembly 8 86 9a apy othgrsuta b?rfaa@éléﬁﬁrwg% or

320 ana 436 FEREr pERRGRE B RBHPRCAY B 3RS BT RSB b EIGT o 1 he et

exchanger pdsition during operation of the heat exchanger 1.

[0030]  Alternatively, once the baffles 400 and other baffles are properly
located on the tube bundle 10, tubes 11 are loaded, and the clamping assemblies
350 have been removed, the portions 420 and 430 can be moved further apart to
a position shown in Fig. 10. In such an arrangement, the baffle 400 may have an
original shape that is slightly smaller such that when it is in the installed position,
the outer perimeter of the baffle 400 substantially corresponds to the inner
perimeter of the shell. The slight movement of the two portions 420 and 430 is
achieved by slightly moving the two portions away from each other, through the
use of cranes, jacks or the like, and placing a properly formed insert 390 (which
may be formed from a strip of metal) in the space 391 between the two portions
420 and 430 of the baffle 400. 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 400 contact the



[0030] Alternatively, once the baffles 400 and other baffles are properly

| ocated on the tube bundle 10, tubes 11 are | oaded, and the cl anping
assenbl i e®¥02B0)/d36336 been renoved, the portions 420 and 280/usanm9besoadved
further apart to a position shown in _F'!ﬁ._ 10. In such an arrangenent, the
baffl e 400 may have an origi nal shape at is slightly smaller such that
when it is in the installed position, the outer perinmeter of the baffle 400
substantially corresponds to the inner perineter of the shell. The slight
novenent tibesHd cawsingant outveard 2igflaotion 8 thestubesil dv dchengorsiong ¥20yandovi ng t he

two portions away from each other, through the use of a | acks or the
li ke, and4$0 S%}}INES malgtaaned 18,5y %ﬂn?rﬁ%g’@ USHB FRHISEH %nggé Pé&}ﬂ?& froma
strip of | e h ' 430 of
the bar f1 20and 430 sheY hEPG g R YRAPIGTRObY e ks P optetiatdinp, (50
removed, tlagdiRE d8vR¥SI 7 br Ay Uiterisuhable fhstenet thayarbudddetol seegfd the90 i n

pl ace; |ikew'se, the sane force would create a bending force on the tubes
and t her epyrtivinis f4260mrdw30 pidwadedwugiofasienes nzamtabes thelpbetiono42@dahd d8hRer or
secured to each other wi th another set of clanps to provide additional
rigidity HuthehigprepadinstalleddPasteon.| n such an arrangenent, the apertures in

the baffle 400 contact thetubes 11 causing an outward deflection of the
tubes 11. The portions 420 and 430 can be maintained in such an orientation

usi ng a”i '(ﬂﬁﬂzt 3ﬁ9acé'3}?aﬂ&r Mtﬁ%e?@eﬁf%ﬁ:ﬁ%ﬁ?ﬁh&ﬁ%b&ﬁﬂe baffidesogsert

390. It o contenplated that cl anpi ng devi ce or any ot her

sui tabl e fréuedare noylibetedsodwioadisslaceablé portporst32N S 392mhdxir0, 430; pr ovi ded
such fastener nmintains the portions 420 and 430 in their pri((%gier install ed

posi t i on. rqthes tyo lon mercotisplaceable partians ase soasiderad/ionke wiell §pl aceabl e
A T R A N e
pe vell ;wps}iggg%qag i $90°3.0BatE 500 FA0HeS Y 884iBAal Parkitfoh! 18ne3B2NV1 N9
baffle 600 having four displaceable portions is illustrated in Fig. 4. Baffle 600
further includes an additional partition lane 303. The displaceable portions are
displaceable with respect to eaéh other and can be secured in the proper loaded
position in the manner described above. Other configurations are considered to
be well within the scope of the present invention. Furthermore, various aperture
configurations are considered to be suitable for use with the baffles 500 and 600.
When the plurality of apertures are slots, 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



is illustrated in Fig. 3. Baffle 500 includes an additional partition |ane
302. A baffle 600 having four displaceable portions is illustrated in Fig.
4. Baffl ew6Q010foss338er i ncludes an additional partition Pamas2@3/0060bge

di spl aceabl e portions are displaceablejpith respect to each other and can
be secured in the proper |oaded position in the manner descri bed above.

O her configurations are considered to be well within the scope of the
present invention. Furthernore, various aperture configurations are

consi der etle the ostappraptiatef apernge whienmmptethaafdneatir@t@nafdisplocemash t he
plurality, of aper{ur s are slots, the partition ane 401 is generally
paral | el #°QAMeMBIae% such that the slots can displace the tubes 11 when
the portions are displaced, as shown in Figs. 2 and 4. Wen nore than one
partition lane (e.g., as shown in Figs. 3, 4, 5B) is provided the aperture

confi gur ajaeA2] "Usin REEIFIANEE WRthahie PRéden® invieRtiohlUihesdivpladedble baffids 300 ar e

di splaced relative to each other. I'n Fig. 5B, t he partition | anes 701, 702
and 703 aard 460 ahdyebe spaceacdiong tiss lengilt of thetnbeabuadleaHyenreducet he apertures
may be el ongated slots that extend parallel to the rtition_|anes such
that di spviaentlt & alspeoptsmplates th&bt,hemeplaml%xhapfﬁﬁdnw Pl‘a%m%‘i t he

def | ect.i f . Elor | ot. i di cul
Phe’ par | onBrat Belosalife HBER wbeliARtteBolis pE B PR Re”, Chea’ 17
those cir gﬂffﬁﬁﬁmﬁe bhﬁ&lezzqél?‘;pr@&rﬁmﬂ? 3¢ hofBbRddd® BOEmifsIIooPr i at e

aperture en nore than o ection of displacenment Is contenplated.

[0032] | nttaceser shdisslavédbie bhfflgy 3eaid 400 alvrieon, the di spl aceabl e baffles
300 and 400 nay be spaced along the length of the tube bundle 10 to reduce
vibration. It is also contenplated that the displaceable baffles nay be

ot o0 OTh!, TR5E 0 B5aLA S e Bk, RS ER R AR S,

to be I'imy}gdohndy'e USEa M cSHmRtBRSHRN Gt RAL bis R0 vafik 3606r abore-
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



[0033] In accordance with the present invention, the displaceable baffles
300 and 400 may be used in connection with at | east one fixed baffle 30 or
40, as shwonoiomsgidgs. 13 and 14, and at | east one bl ockiPog/usadobloeso8, as
shown in Fig. 15. A fixed baffle 30 hay4ng slots is illustrated in Fig. 13.
Wiile the fixed baffle 30 is illustrated with vertical slots, the present

I nvention is not intended to be limted to baffles only having slots;

rat her, other configurations, as described above in connection with the

di spl aceat provadd SRt aigidity te thichwedlle cage  Tbepredenhinventionrieabin of t he
pr esent |nvent|on The fixed baffle 30 has_a pl ural |L of viéé)l cal slots 36
t hat prov lﬂﬁteﬁltfﬁﬁ@fs@ wigy tig Rars; gather, the pse pEeereenfiopa E;Féﬂ ds |1%cki ng

region 34 . s con red to, redi b

out er nost SHAHELD igq';lnld ENAL H§?({1e%e§%? r(ild%gsf%bt%lquwﬂ 43?3%%%@“% cﬁl Qﬁt owar ds
the tubes RS MewheR the! BRPldcbabRebATIE fEhe

baffl e 30b|é%EPJ'EQQH?G{BPS%?@%@@%Q&chesM32 and Fs\Pormgd therelsg The

not ches 3displaeedita etk loaded poirtien.aOn thelwaherchdnde tlm hole&em ereafikgd bafftesbar s
and skid bars are welded to the baffles before |oading the tubes. In the

case of t for the sisgpds mabem mmie Sthlghﬂy\mgleﬂ sp dhathengdpig @ﬁmeatﬂf'erqdércaprlﬁ@

to't Lgcgfgfaeuaeﬁbﬁlr@ﬁa? et GG ARG e B0R DG n 3 b8 TN Bk G
the baffl g ﬁ}%&%?ve %1'&%](‘:1&115 6 2 JEL B STROGR R4 rB@fd(egﬁ% ensfire!Sed, can

be welded tie bars an ars prior tot I ng of the tubeto

provide s (dei‘t iting igHedtidn of thd tubelbuindle] © ige.thd BRelp 20s eftte notehed 3Dn i s
not limted for use with tie bars; rather, the use of conventional tie rods

380, as shathd3ienswmiethatithe draglab@ahbgbafﬂw%w thefixed dafdes 3 andidlianded, the
di opl aceaBiebIBakRedBTFe o (8%%@% FEVhert BaETO R FBRPTRI he. of her
arger sooRAEphr FHRSiE LD, U HBDAPE nlint bHAGLIO0TH0 86 4FR6D <1 TNt 1Y
di spl acenmgjpletitl foh Ltigid @é‘g@?W}ﬁclbﬁefcﬁlht@ﬁes theéngeptionos tlsStubes 11 of the .

bundle 10. The baffle 30 includes at least one partition lane blocking area 35 to

redirect the flow of fluid within the shell of the heat exchanger 1 towards the

tubes 11 of the tube bundle 10. The slots 36 are arranged to correspond to the

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



sized to receive the 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 not chwe 28R/@ms3533 ensure that the di spl aceabl e baf f IPe3/1BR@9/00dve3 f i xed
baffl es 30 and 40 and the bl ocki ng baf %‘QQS 60 (described below) are

mai ntai ned in the proper orientation. e tie bars 5, the skid bars 6 and
the baffles 300, 30, 40 and 60 together forma rigid cage, which
facilitates the insertion of the tubes 11 of the bundle 10. The baffle 30
i ncl udes hlockessareards. pEne baffterd0 aroduddsccpiumglitarafzhgizontaliséets 4éctThee 1 ow
of fluid within the shell of the heat exchanger tonards the tpbes, 11 of
the tube Bl@tuf@anplocaicd an eprOSIBE & Sé’?rﬂéﬁha 108 1age ares eﬁ‘%ws of

t he tubes kp the bundl e 10. I MR r il hnag ribs 37
are provi 81«19# %ﬁ af%gz%(gpq €5 ar@%@w‘ﬂoﬂﬁxg.}ugé 16’13 tglﬂ\?/er _bi%cbgfhlfd(;@ggt \%‘}een t he
sl ots 36. gﬁéﬁﬂtaf éﬁéYz&ftﬁﬁﬁéﬁé&hun{gﬁﬁbmv A& kRRaded Bathd Baffld 4t Exclsmal | er
than the Spacing between adjacent tubes 11 in the tube bundle 10. [0034] A
fi xed baf tibetAéxtbads betweenithestaas 46/ ot s 46 that provi de support for the

tubes 11 in the bundle 10 to reduce vibration is illustrated in Fig. 14.
Li ke baffle 30, the baffle 40 is configured to redirect the flowof fluid

e sur 1005107 RBCS R s BoPHIE PaFeT Bt A0 4 el R0 R 3prd0 SNl o

10 f | f -
vt | REReLD 0Bk 20 By dcieenl L IR BATAE 5 o o

ing area 44. The "bl ocki ng

area 44 hasligedhsid Wusgardtintdgi dh The tieckihg daffig 6aieeorfigurédeo infett e 40
may al so include at | east one partition |anebl ocking area 45. The baffle 40
i ncl udes thepflawanfi flyiddhwasdly zowasds thedubestbl imthe bungtle 10@vedwfroattieed on

PR oS 1 3Sh B bR o B Bl Ehhad
bl ur al iy effin OARLZOBIGIiNe GRC0MENG o TS dH 1HebIBERNEUREn 85, ke baf fle 40.

Each rib extends
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 5, 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.



[ 0035] When the displaceable baffles 300, 400 and the fixed baffles 30, 40
contain slots for receiving the tubes therethrough, a bl ocking baffle 60
may be utwDi2zasdsessis illustrated in Fig. 15. The bl ockipag/usadoloaso8® i s
configured to direct the flow of fluidyjnwardly towards the tubes 11 in the
bundl e 10 away fromthe shell 20 and outwardly 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 ocki ng baffle 60 does not provide support to
t he tubes[Q037]n t Kindeuhdirigid 0ags basbiemnsembiedithg tiest Heof thsdubeind| e

bundi o L0 PhBdieoHLmRYSeastis %nbﬁaeg’%@e% pEpEtEs il drenaftsckiiigm Pindien) o
baffles 3

Formed by 0ESUNPg nEle (B8, B b igh ot pathin 0th B nafifs WA 0>
slots 32 andréfocated WithpRtd &edthe ﬂ&xloﬁgaf@&- difpRackhlelbarieSarndovbe skid

bars 6 are preferably secured within the slots 32 and 33 by wel di ng or
ot her sui frtblthe aistaltdtpoditiorcisadessribed bbods. sPhepedibdrs drafthemse@red amd 400
shoul d not be welded to the tie bars and skid bars until _ af é er the _two

portions Ql@%t%lﬁﬂm&i%dTb@mhe‘?tﬁ lﬁr@dfk%maya&ﬁwmdt exdg of aceabl e

cpaci ng. _ Hecouu 0. it i St n GRie BEPHE NG ROPREdEhafcFES °
| ocated ad f}{:ﬁﬂ)te 1? ﬁ)gi ﬁﬂfe@ﬁéﬁ 9@ fﬂs@ﬁ seﬁ’%&h\zé3&t'l¥as‘i“o‘h@'cﬁ‘%ﬁ@%t§ésﬁé‘ét§ ligs are
ocated adj acent horizont al

preferably I spl aceabl e baffles. At |east one

bl ocki ng batibheryo it nzayoxbterﬂplmdeﬂaﬁlhéwﬁdm of tte: tubks kas beascwiedwo ai paiFi g.
1.[0037] Once the rlgld cage has been assenbl ed, the tubes 11 of the tube
bundl e 10 oftybeashestnd ér onel staﬁp@am@lb@&@e@t 1$W@dtm1§eﬂoqt1n&n@esb%rdéé 9t o the

bundl e 10 by jnserti ough t he pen th ffles.
After the Of% B@é‘oﬂryaﬁg’eﬁ eceétl deRPfe #?en tHBg% affeus bgﬁ'ﬁ ] 5’1% toﬁéh .
di spl aceahial laeals P WERKERT 3. "PhEkIRMYIO Wb BundiE 1985 1 bed
above. The portirons are t en secured I n
inserted into the shell 20 by sliding the bundle 10 along skid bars 6 into the shell.
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.



the installed position. The tubesheets 13 and 14 nmay be secured to the ends
of the bundle 10. This is acconplished by welding or otherw se securing the
end of eawb20us63BE to a tubesheet. As di scussed above, pafr/use@owo@ne of the
t ubesheets is stationary. It is contenphated that the ends of the tubes can
be secured to a pair of tubesheets 13, One stationary tubesheet 13 and one
floati ng tubesheet 14 or one stationary tubesheet 13 when the U-tubes are

used such that both ends of the tubes are secured to the sane tubesheet 13.
The assenfilleAllM$e bundle 10 is inserted into the shell 20 by sliding the

bundl e 10 al ong skid bars 6 jnto the shell. Once the bundle 10 is properly
oriented withi At he Astibe bungle dewice ¢OBYTSIEt s 13 are secured to the shell

i £ cat 1 ons S PEodEaN e biup RS Aibeb bR bAGIRY lo BATRRYREL 1C®

scope of t{hebRMESR’RNAndNvention. Thus, it is intended that the present

i nvention covers the nodifications and variations of the apparatus and

met hods her ei nat leaswvortedisplaeyatsio sappott fiafifle hevsgappluodlityted apepaneted cl ai ms
and their equivalents. CLALMS: 1. A tube bundl e device conprising; a tube

bundl e hafermedthgreinawheseinthe phsalityrofanssuresbeing sizeddosrecingat a8t i n t ube
rows; and at ast ,one di spl aceabl e support baffle having a plurality of
aperfturesof’%f)hgbe?]m?g?q,eé’ﬁﬂégﬁbi n the plurality of apertures being sized to
receive at | eagl,00f fibhdipladasRe §Lg§fo%mf?té%vi &f Rt £AR piribh argabl e

support baffle having at ast a first portion and a second portion,
wher ei n aage¢drdpordion; Whepinrapaortipnasf the phiraliesobaperturesbaingdooatetom f i r st

Pre Soconpans poror and anothor portert of he plafaiy of apertires being fogated on "
the second portion, |
wherein at least the first portion and the second portion being located in a
first loading position to facilitate positioning of the displaceable support baffle
on the tube bundle on the tube bundle and a second installed position causing

deflection of the tubes passing through the plurality of apertures.

2. The tube bundle device according to claim 1, wherein the first
portion and second portion are closer together in the second installed position as

compared to the first loading position.

3. The tube bundle device according to claim 1, wherein the first
portion and second portion are closer together in the first loading position as

compared to the second installed position.

4. The tube bundle device according to claim 2 or claim 3, further
comprising at least one fastener for securing the first portion to the second

portion in the second installed position.



wherein at |least the first portion and the second portion being |located in
a first loading position to facilitate positioning of the displaceable
support babR2bw/sm3she tube bundl e on the tube bundl e an#Ca/tse@ondsophst al | ed
posi tion causing deflection of the tubgg_passing through the plurality of
apertures. 2. The tube bundl e device according to claim1l, wherein the
first portion and second portion are closer together in the second
installed position as conpared to the first |oading position. 3. The tube
bundl e devi ce accor dhedubebundierdevicemnsoedingitasldinr 41 wherein the allgagtecond

portion are c¢loser .together in the first |oadi osition as conpared to
t he seconf¢ %{}qréﬂog%g fi g’ﬂ."ﬁ*ﬁ%a{l Bée%@ﬁ'gﬁg%@ﬁl?ﬂe according to claim

2 or claim3, further conprising at |east one fastener for securing the
first portion to the second portion in the second installed position.5. The

tube bundl e degi ce ghednpé BAndR dav@éenadboravﬁgrt@icmihhs, fiirtHee @9inpeivend ast ener
is one of a weld, a clanp and a rel easabl e Tastener. 6. The tube bundle

devi ce aclastomyinsertglositrorgd Haiwete thechrgy postioryand thesscondmortion ¢ t
positioned between the first portion and the second portion to maji.ntain the
first pormagfadhiherfist partiiansbihe ssaond PPRIOS WG $eF H}Slt@&e%%w%n. 7.
The tube bundl e device according to anyone of the preceding clains, further
conprising: at least one fixed baffle having a plurality of apertures

formed therei ny whengeRubasindle dé%‘?cd%dé'b?diih@%o%é/@ﬁ@bfﬂﬁ@ rdeeding sized to
receive at | east one of the tubes therethrough. 8. The tube bundl e device

accor di ngclaims/ farthey cofprishes: conpri sing a housing, wherein the tube bundle
is received within the housin wherein each of the fixed baffles having an

outer peri net eft lgast enepfized bafflehavdng gmierelite ohepertures formed therein,
wherein each of the plurality of apertures being sized to receive at least one of

the tubes therethrough.

8. The tube bundle device according to claim 7, further comprising a
housing, wherein the tube bundle is received within the housing, wherein each of
the fixed baffles having an outer perimeter and a blocking area formed between
the outer perimeter and the plurality of apertures, wherein the blocking area
being sized to be located within a gap between the housing and outer tubes of the

tube bundle.

9. The tube bundle device according to claim 8, 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
fixed baffle having 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.



the outer perimeter and the plurality of apertures, wherein the bl ocking
area being sized to be located within a gap between the housing and outer
t ubes of wbeotwises3bundl e. 9. The tube bundl e devi ce accecuiusgowoOI@PRI M 8,
wherein the tube bundle having at |easbyone partition |ane separating a
portion of the tubes of the tube bundle with another portion of the tubes
of the tube bundle, wherein each fixed baffle having partition | ane

bl ocking area fornmed therein, wherein each partition |ane blocking area
bei ng si zed to1be r dtheitube buntlle devite aceordingtoralaing Spwheraindhe e of t he
t ube bundl e. 10., The tybe bupdle device acgording to cl.aim9, whereip the
t ube bund|b§n31§\)?%n&a| %&jﬁqc{}a?mlsa\x Qreimy e af lFat ﬁ’@eéi‘snlé%‘?ﬂ’l%ﬂé’l’orp

al ong. ¢ no SEANGHEG e anteistiofie Hiéed GRER apk SARedEnE o BRUUBLAKE. PE2CPE,

10, wherein each displ aceabl e support baffle is spaced from an adj acent
fixed baffle. 12. The tube bundl e device according to anyone of the
precedi ng cl ai td, widredube baadieudeyibe actardinpviongaian 10ewhereineaglartiti on

| ane separating a portion of the tubes of the tube bundl e w th another
portion ofdisphceablsesippprt bastledsspaneddiram ajhadiacentdiead f§15| aceabl e support
baffl e having partition | ane bl ocking area forned therein, wherein each
partition | ane bl ocking area being sized to be received within the

cor r espondi ng ar ti tiiRiubaBngle dAcE WS IRCPanyUE dTice phstelaig | Li on | ane

bl ocki ng area havi ng Irst part on the first portion and a second part on
t he secondlginr] whereid $he fifbe burndde havidigeatdeast oae pactitich lapetsepatatingal 2,
wherein the plurality of apertures is atgl urality of spaced apart slots.

14. The t wostiouafiths tibes ebthectwbe dungle with agotherporupr odithe tuhes gfdhel ity of
shots ext g Binde whirehReath GlspladehBit APpbitvattle HaVh bR floRIadt ©2-
blocking area formed therein, wherein each partition lane blocking area being
sized to be received within the corresponding partition lane of the tube bundle,
wherein the partition lane blocking area having a first part on the first portion

and a second part on the second portion.

13.  The tube bundle device according to claim 12, wherein the

plurality of apertures is a plurality of spaced apart slots.

14.  The tube bundle device according to claim 13, wherein the

plurality of slots extend generally parallel to the partition lane blocking area.

15.  The tube bundle device according to claim 14, wherein each
displaceable support baffle further comprising:
a plurality of support ribs, wherein each support rib extends substantially

parallel to the plurality of slots.

16.  The tube bundle device according to claim 14, wherein each

displaceable support baffle further comprising:



15. The tube bundl e device according to claim 14, wherein each displaceabl e
support baffle further conprising: a plurality of support ribs, wherein
each suppwaotorwdsesit ends substantially parallel to the pcunskempo@ds sl ots.
16. The tube bundl e device according tggclaim14, wherein each displaceable
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 |east one rib and at |east one slot. 17. A
di spl aceabl e sapleast ongafeinforéamentseb extendpygointd digeetign subkstantiallyft t ubes in a

tube bundles, conprising: a first pl]ate having. a urality of apertures
formed t h@FBpEoN teéla%ﬁwaﬂraflbs Radi @slgtspw}}eagﬁr&%ﬂ%fﬂlaggﬁ SgPag Bl

t herei n; i f first plate and the second pl ate having an
out er per%ngber%éﬁ%qgasglogtg%?%tg area fornmed between the outer perineter and

the plurality of apertures; a first fastener assenbly for securing the
first plate to the second plate in a first | oading position; and a second
fast ener assenbly f ér dsplaceablg suppoftibadfle forowse insuppertieg aplumlittef i n a
second installed positign. 18. The displ aceabl e support baffle according to
cl ai m 17, tussieadube bundles: ¢RMPRISIBL: pl ate and the second pl ate having

partition | ane ocki ar.ea, erein.the partdtion.lane bl ocking area
being sized t oagJ 34 %legef’lé%np% aepvi'ﬁ%h?yp:fggeﬂrﬁé fJPﬁngc_llt gmo_ungjl e, wherein the
partition |ane,Rasld planSAng BIfallty oFapBhks 1Bfngd thgeid] oned adj acent
the partition Iane blocking area on the sécond plate. 19. The displ aceabl e
support baf f | ewdeecsinaaok of the fiadtpldt8 andhthe sedoridyglate having an outer
perimeter and a blocking area formed between the outer perimeter and the
plurality of apertures;
a first fastener assembly for securing the first plate to the second plate in a
first loading position; and
a second fastener assembly for securing the first plate to the second plate

in a second installed position.

18.  The displaceable support baffle according to claim 17, wherein
each of the first plate and the second plate having partition lane blocking area,
wherein the partition lane blocking area being sized to be located in a partition
lane in a tube bundle, wherein the partition lane blocking area on the first plate

being positioned adjacent the partition lane blocking area on the second plate.

19.  The displaceable support baffle according to claim 18, wherein the
first fastener assembly being located on the partition lane blocking area of the

first plate and the second plate.

20.  The displaceable support baffle according to claim 18, wherein the
second fastener assembly being located on the partition lane blocking area of the

first plate and the second plate.



first fastener assenbly being |ocated on the partition | ane bl ocking area
of the first plate and the second plate. 20. The di spl aceabl e support
baf fl e acwondiogeiss cl aim 18, wherein the second fastenecTtassegibspobei ng

| ocated on the partition |ane bl ocki ngrgrea of the first plate and the
second plate.2 1. The displ aceabl e support baffle according to claim 18,
wherein the plurality of apertures is a plurality of parallel slots,
wherein each slot being sized to |ocate at | east one tube therein. 22. The
di spl aceabl e support baffle according to claim?21l, wherein the plurality of

sl ots extend g nera aral | to the tition Iane bl o ar.e 23.

The di spl aceab sublﬁ’(?r(ﬁslblé??q eé‘é%}rabgé{q reording to %alﬁ\ﬁg’r\’é{ ﬁretl'iﬂgl’e
plurality ne

Bl ocki ng BiirafitR) arth R isce Bk Aty oMErREA I, Shetin oath ORI Wl Mz bd T,

of tubes @ Icvaaest 18adtdneahibé ehe?Bim. anot her in tube rows and Iongltudlna

axis extending in a direction generally parallel to the plurality of tubes,
the nmethod conprising: locating at |east one dlsplaceable support baffle on

t he tube bundl aI on tcPe | ongi t udi nal axi s, h di s Iacgf bl e support
baffl e having a2pl urtde 15plageable URRAIL balrigrord gdp¢laigh CEEHE Nf t he

her ot hr SR RRRIoR Ll e isf B ea LT RESCR Pl RRe ROBKHE 4%, £ o0

portion and a second portion, wherein a portion of the plurality of
apertures being located on the first portion and another portion of the
plurality of apaértuiThs digplagedbbe samrbrobafflecaccecding tpeidino?], whegimading t he
first portjon with respect to the second portion to an i nstal | ed posi tion;

and secur Phgakityeo fﬁ19t§tf3x&ﬂ<1 geeraldy pppendicavier todhe partiten lanerhlocking fir st

rtion
portio arca.

24. 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 comprising:

locating at least one displaceable support baffle on the tube bundle along
the longitudinal axis, each displaceable support baffle having a plurality of
apertﬁres formed therein, wherein each of the plurality of apertures being sized
to receive at least one of the tubes therethrough, wherein each displaceable
support baffle having a first portion and a second portion, wherein a portion of
the plurality of apertures being located on the first portion and another portion of
the plurality of apertures being located on the second portion,

displacing the first portion with respect to the second portion to an
installed 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.



and the second portion are maintained in the installed position.25. The
met hod according to claim24, wherein displacing the first portion with
respect twothe/sesend portion causing defl ection of thePCcwhmsopas®bdNg
through the plurality of apertures. 269 The met hod according to claim 25,
wherein displacing the first portion WIZh respect to the second portion
conprising inserting an insert between the first portion and the second
portion. 27. The nmethod according to claim 24, further conprising: |ocating
at | east one fR2fed Fhkfrhethod ackherdingéo blanal 24, avlergin dieplasimg thedinstl axi s,
wherein each, of the at | east one fixed baffle haying a Pl urality of

aper t ur esPPBITEWIHBSRECH 0 WieesoRd PREROR FaYsiag BFﬁF 91 oT Hie tabes PAtSYRE bei ng
sized to [ f the tubes therethrough. 28. The net hod

ecejve at, | east one o
accordi ng l}r8u%]i‘§ilerr5’]?§§l%\%%f‘r)@eﬁm§%sch fixed baffle being spaced froman -

adj acent di spl aceabl e support baffle.

26. The method according to claim 25, wherein displacing the first
portion with respect to the second portion comprising inserting an insert between

the first portion and the second portion.

27.  The method according to claim 24, further comprising:

locating at least one fixed baffle on the tube bundle along the longitudinal
axis, wherein each of the at least one fixed baffle having a plurality of apertures
formed therein, wherein each of the plurality of apertﬁres being sized to receive

at least one of the tubes therethrough.

28.  The method according to claim 27, wherein each fixed baffle being

spaced from an adjacent displaceable support baffle.



