REDUCED VI BRATI ON TUBE BUNDLE DEVI CE HAVI NG SLOTTED
BAFFLES FI ELD OF THE | NVENTI ON [ 0001] Thi s invention
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exchangers, condensers and simlar fluid-handling
equi pnent with collections of tubes or rod-Ilike

el enents, for_ex ucl ear
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passi ng over the tubes or other elenents In
particular, the present invention relates to a baffle
FIEEDY QE(THE INSENTION: connect i on with the bundle (o
provi de support to the individual tubes within the

bundle and to direct the flow of fluids within the
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oug e equi pnent. In such t'ube bundles, there is

ﬂov¢ passirel d)\);/erfthel tubeklopwtliertdierbnisu dh pattéculms tlthépmﬁenthe
tubes and across the outside of the tubes.
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bund@Rt ween each pair or rows, ali gned orthogonally to one
another. In this forrration, each tube is adjacent to
ei ght ot her tubes except at the periphery of the tube

BAGKGROUNID OE THE eENMENBHPNsi t e a correspondi ng tube
across the tube | ane separating its row fromthe two

adj acent_rows. In the triangul ar t th
[0002]hes | A uketbandla equpmsnbsuchAs; Sé‘ﬁb “aﬁtlﬁe I"g‘rr‘]fbf“i%‘;s and

other mmﬁ flu%ch ndllllng dev1ces 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
separating its row from the two adjacent rows. In the triangular tube formation,
the tubes in alternate rows are aligned with one another so that each tube is
adjacent to six other tubes (the two adjacent tubes in the same row and four

tubes in the two adjacent rows).



adj acent to six other tubes (the two adjacent tubes in
the sane row and four tubes in the tw adjacent
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exchangers are often desired either to reduce capital
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exchangers utilizing fod baffles to support the tubes
wheancheg enclearigee is stijhimtite flow saeamriut Wikteout dveat 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 the cages, placed every 15 cm or so along the length of the tube
bundle, in which the ends of a plurality of support rods are connected to form a
cage-like tube support structure; hence the term "rod baffle". Rod baffle

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



"baffle" refers to the cages, placed every 15 cmor so
along the length of the tube bundle, in which the ends
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cage-|i ke tube support structure; hence the term "rod
baffl e". Rod baffle exchangers, however, tend to be
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[000d6i]anet ekn ;-l?fmgt?\?e idéc’siér(le (iqsutihre?'dEgtggra?cli'! souvl\;port design. This,
however, is even more expensive than the rod baffle design. Like the rod baffle,
the eggcrate is also susceptible to tube chatter that could lead to tube failure.
Chatter is the motion of a tube hitting the tube supports because of a gap
between the support and the tube outside diameter. The gap is required to allow
for inserting the tubes through the eggcrate support when the bundle is being

constructed.

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

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



for inserting the tubes through the eggcrate support

when the bundle is being constructed. [0007] Besides
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taken to reduce tube vibration. Tube support devices

or tube stakes as these support devices are commonly

im0 BLSER B9 e ARSShhe el LRk o
e A A0 PSS g v

sk EFRGHRNE IO RERA DTS PN

4,64B82440t0 Walliafns) 1S 1PatehoNidah 9,191 190. toFHahth SoPatent No.
5,213,155 to Hahn and U. S. Patent No. 6,401,803 to
5,218ak5, tof idahre andbl.S, PatentNob6, 4@|1t&Oért@rHahry fesexgmplgpdescribe

i YmEn A B HBIODG SHPRRT SYRICK o e airet stian@ f Sube
bumz][eﬁg E&&CCS{]BWIO&I IH‘H:? %f ratslt%%)es.lazggﬁéusg%g'r{ﬁ W@atent
No. 462, ?’§%‘f&\hﬂcfnn\i\’€t &0 dntitledCAMPVabRdoREN M Support”, the

speci by reference. SUMVARY OF THE | NVENT ON
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having at | east one baffle which supports the tubes in
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tubddyfl dheboedle R videc | Thtest léadt ouns ibadfle masteoinsisaofl ablehstone
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| anes in the tube bundle is dependent on the nunber of
[000%}SSes HiR thbOBEndR Rvice includes a housing or shell and a tube

bundle located within the housing or shell. The tube bundle has a plurality of
tubes arranged parallel to one another in tube rows. The tube bundle may
include at least one partition lane that separates one group of tubes in the tube‘
bundle from anéther group of tubes in the tube bundle. The number of partition
lanes in the tube bundle is dependent on the number of passes the tubes make
through the tube bundle. In the case of a single-pass tube bundle device, the
partition lane may be omitted. When multiple passes through the tube bundle
device are contemplated, the tube bundle device will include one or more

partition lanes to divide the tube bundle into sections.

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

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



through the tube bundle. In the case of a single-pass

t ube bundl e device, the partition | ane may be omtted.
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are contenpl ated, the tube bundle device will include

one or nore partition | anes to divide the tube bundle
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[0011] In accordance with an aspect of the present invention, each support
baffle may include a first group of the plurality of slots being located on one side
of the partition lane blocking area between a portion of the blocking area and the
partition lane blocking area and a second group of the plurality of slots being
located on another side of the partition lane blocking area between another
portion of the blocking area and the central blocking area. The slots may extend
in a direction substantially parallel to the partition lane blocking area.
Alternatively, the slots may extend in a direction substantially orthogonal to the

partition lane Blocking area. Support ribs extend between the slots. In some
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and the partition | ane bl ocking area and a second
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Each slot of the first group and each slot of the second group for the first
oriented slottcd support baffle may extend in a direction substantially parallel to
the partition lane blocking area. Each slot of the first group and each slot of the
second group for the second oriented slotted support baffle extends in a direction

substantially perpendicular to the partition lane blocking area.

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



group of slots being |ocated on another side of the
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oriented slotted support baffle my extend in a

direction substantially parallel to the partition |ane
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havisigdwio pagses hgrethiough: crhe partition tangaplate blogking area prevents
the flow of fluid therethrough. As a result, fluid flowing through the partition

lane is directed towards the tubes of the tube bundle when the fluid contacts the

partition lane blocking plate blocking area.

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

blocking baffle is located between adjacent slotted support baffles.

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

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



opposi ng sides of the blocking plate bl ocking area

bet ween two openings in the plate when the bl ocking
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andWrQﬁ: described in conjunction with the

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

baffles in accordance with an embodiment of the present invention;

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

with an embodiment of the present invention;

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

accordance with an embodiment of the present invention;

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

slots as shown in Fig. 3;



acconpanyi ng drawings in which Iike reference nuneral s
describe like elenents and wherein: Fig. 1is a
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using baffles in accordance with an enbodi nent of the
present invention; Fig. 2 is an end view of a slotted

baffl e having vertical slots in accordgnce wi.th an
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invention; Fig. 4 is an end view of a variation of the
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invention; Fig. 6 is a schematic view of a tube stake
used i n accordance wi th an enbodi ment of the present |
i n¥égit? isre schematicg/iew afangthss ebmstake usedinggccardanee with
tube stake.used in accordance with the present

the preSenitP¥ENUQSTAI LED DESCRI PTI ON OF PREFERRED
EMBCODI MENTS [ 0018] The present invention will now be

DEfﬁEIS]?Q’jﬁﬂéb‘RIqu@WOF@%FERﬂEﬁ ENBEDMENTE the
10 in accordance with an aspect of the present
[0018]vent i Oihe ptBsent ibeenbiendi gl Adw ibe desciibed inpgeatee detaildine
device 1 (e.g., a heat exchanger or other suitable
conmexdiont with shiefigurasp dhignt js. a Sthematisevibwrfl atube bundleuti@ in
a plurality of parallel tubes 11. It _is copteqnpplated
accqrdance Withaneaspaet ofrifie RI¢sSAt InyeRBen, i[rili‘PttBEe bun Gt@sl,s part of

ather, Jjt.is contenplated that t r I
o ubEhUe gebice 981 SRRAPHih B or el SUPACSeA RS
cong'Bﬂe € THRabEBuRGe D inlutkt ﬁ%’lu_ta“‘i't}n of PeraflePRBeof 1t Neis
resent invention. As shown in Fig.” 1, the parallel
confeuijfisted tharthe peeseat irention panot lixhited e sutriseedtlser] & iand
14. The tubesheet 13 may be a fixed tubesheet that is
contemplated that the rods and other heat transfer or fluid flow elements may be

employed and are considered to be well within the scope of the present
invention. As shown in Fig. 1, the parallel tubes 11 extend between a pair of
tubes sheets 13 and 14. The tubesheet 13 may be a fixed tubesheet that is
welded to the housing or shell 20. The tubesheet 13 may also be a stationary
tubesheet that is secured, but not welded to the housing 20. The tubesheet 14
illustrated in Fig. 1 is a floating tubesheet. The tubes 11 may be arranged in a
rectang@lar configuration. The present invention, however, is not intended to be
limited to the parallel tubes extending between a pair of tubesheets 13 and 14;
rather, it is contemplated that a single tubesheet may used. With such an
arrangement, the parallel tubes extend along one side of the bundle through a U-
bend portion and returning along the opposing side of the bundle. It is
contemplated that the tube bundle 10 will be fitted into the surrounding shell or

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



wel ded to the housing or shell 20. The tubesheet 13
may al so be a stationary tubesheet that is secured,

wheiosie4iel ded to the housildg 20. The tubeshertT/L&2007/021175
illustrated in Fig. 1 is a floating tubesheet. The
tubes 11 may be arranged in a rectangul ar
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insidl§thatuBss’ BNSSdNHhin HREsHA 20 Aétosd tHeasutsidt ofiehatudeg 11.
one side of the bundle through a Ubend portion and

As disdussed atgpval, theye iha negp tisradgcs ifldsv-afduckd vilhratibe withinitke
contenplated that the tube bundle 10 wll be fitted |,
tubej bungle hQ te aveidudamags torthe bundlenf)isitagalso desirahle te peevide

on apy R A Tpaion iR ARRLSRe, TRER ok BRNRh g of e
fuid {oyfelhof s BT 1 iy 015 e SHeIE 28 8t e iy Bsiet
- inw%lf‘icﬂwdrﬁ? tSel buA1AE0 OBY diRetivig!thé RS FIOR] AWERE $rom

As di scussed above, there is a need to reduce
the sHethv20 roseardsithe tabes i biofthe tuibe tundle U endandlydrdan the
avoi d damage to the bundle 10. It is also desirable to

partisiomJane(shaf theskumsile, whichdlonat contineny tubas towards the tubes
bundl e, .which directs the flow of the fluid towards
ll’lﬁff?é?‘iaﬂﬁgysﬂnwﬁgfromthe shell 20 of the tube bundle

device inwardly towards to tube bundle 10. By

[ooﬁigf ect i mﬁééb?d%ﬂéc%fltﬁ gP' dtéhéct%me gfé%ghf #&efifish | the®ube

wards thé tu e tube bundle 10 and away

bundlea® éhhe hat éxdhangeah & provided with v tetkeonesiottbd daffihe30
contain any tubes towards the tubes 11, heat transfer

having vierticad wtats. [TboajitedrbadBle 30dwving verticabslotsqerides support

o bl e g, i en B HORS e ol S
.havi i .

stotfpafffe 307 PFEuFT 1 Hitsst otk Bupd 3y Hrtbefiocr e>°

oute}ﬁhokﬁtui;@%% 1 Nﬂé'tﬁe %&i&@%iraﬁféw&eomhb 5R&N 20 -inwaﬁn?lttg@lﬁd@qtle

region of the slotted baffle 30 is configured

tubes adi. r&slotesdybaiflp 39havimywértieal sletsvinacofianoe éthnast
embitosgﬂgzmﬂlqlzf tﬁg\%aésggt Imr’llzlnggn ?sl ialllunigrgtred%g I‘Eig.e 2 .S [lL%L Isloztt%d baffle
30 having vertical slots is constructed from a plate having an outer diameter,
which corresponds to the inner diameter of the shell 20 (The outer diameter of
the plate is slightly smaller than the inner diameter of the shell). The plate
includes a plurality of notches 32 and 33 formed therein. It is contemplated that
the notches 32 and 33 may be formed by any one of several means that is
capable of creating a notch in the plate including but not limited to cutting, laser
cutting, grinding, water cutting, stamping and punching. The notches 32 are
sized to receive a tie bar 5 therein. It is contemplated that the tie bar 5 may also

contain complementary notches to receive the notches 32 therein. The notches

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



tubes 11. A slotted baffle 30 having vertical slots in
accordance with an enbodi nent of the present invention
WO gooslok2si rated in Fig. 2. -TMhe slotted baffl e BOI/Os200TIR1175
vertical slots is constructed froma plate having an
outer dianeter, which corresponds to the inner
out er dla ter of

di ater o th h h
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50. Tf‘ﬁ%ﬁ?éﬂﬂﬂﬁféd et ihRgid Ba§ rStdr@ RizZeH sht‘ﬁ thathiRe B 'HEU'SGS 48 not
into the shell 20. The notches 32 and 33 ensure that

extehd degbnd tiedpdrahétee oBthe plate. STl skid basd 6) leowiéveary pieerably
havi ng hori zontal slots (described bel ow) and the

extent oukwarglly hey ond thepetiteter pHthe platecbputl 8 2nigchexen@d mm.

TheiskickPags B al upon achigh theyybs undls |G gidenar g st into
P‘“?{Y@Qﬁ“ﬁ‘gg‘?@lmb‘:h facilitates the insertion of the

€ bundl e 10. The tie bars 5 and the skid
bars 6 are preferably wel ded or otherw se secured to

[oome not gheshddrg AfvwardB frond the geainhétesolthe ke toRdrdbthe

is contenplated that the tie bars 5 are sized such
centthaf thehdateiie aﬂﬂoeklﬁg doeadt. The blutkiey ared 3dhis speeditoet er
of the plate. The skid bars 6, however, preferably

apprexiraaelyoecupydhy asea between shgtubeungie 19 and éhf‘plrmeé surface
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bl ocking area 34 is sized to approxi mately occupy the
to blockahd foweeftheftuid floovingnwditleintbe apatet beswicem ghe gibetbandle -
10 and the shell 20. The blocking area 34 redirects the flow within the tube
bundle device 1 away from the shell 20 towards the tubes 11 of the tube bundle
10 to minimize the flow of fluid bypassing the bundle 10. This improves the
efficiency of the heat exchanger by directing more fluid across the heat exchange

surfaces of the tubes 11.

[0022] 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



of the shell 20. It is contenplated that a small gap

will remain between the inner surface of the shell 20
wapaspe4dut er perineter of jphe baffle 30 to prCNUS2007/021175

insertion of the bundle 10 into the shell or housing

20. The bl ocking area 34 is provided to block the flow

of the fluid flow ng wi.thin the space between the tube

desirableiteretireghthet flew s dluid ygthintle bredirildpveretiogythe
parh LTl oMb 40 Bl Pk RV 30
il AP Bl D Atk Pl A e

lanelslaékify QR BB s di¥edlid BEEdceiednyithin! the Pastiticib Bine§ of iratube
exchange surfaces of the tubes 11. [0022] Typically,

bundled Ot ubiketheblaekiy aneal3dqlthe pertitiondancbleckmgtareasodd
| ane, which separates the tubes 11 within the tubge

redifsgh &_ieeﬂtl_m afflwdavidkindhe shglbabthe heat exehanger &fowarisdheo
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tobef 1 &(3fe 46 ARUE DT cEe el Bt R e R 35 BRirgh the
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|
trans es of the tubes 11. such, i

minirfigeshé akloaint of flaill bsdssingahé hibesdfl. fThik dlsyl fprovedthe
bundle 10 away fromthe partition |anes towards the

effidiemmsofithetheat exchangehbwdireetans frore finhd a¢rass the Ismt exchange
i ncludes at | east one partition la bl ocki ngnarea 35

surfages ofithe Shes ldnenEFaPWf‘i‘Q?_rPflt thisccrps RY RGMPOBENIALTPSS tubes
11 iF e TSt hs bR LLEBubeRE At i
B R e o e D

accdrigndevith thd pedsehhimventien.bundl e 10. The partition | ane
bl ocking area 35 redirects the flow of fluid within
the partition |lane towards the tubes 11 of the bundle
[0028] to niAs shoxa imBigadothetslasted baffle 3 inghiden g plnality pEs
roves the efficie of th

vertigal ﬁlgﬁﬁ'gié ?cltf%?%d PREPPORInEBIdes Pf tie paifig8 dae Bloxkihe arca 35.
The R PTORAT SRR i BFe ZRSRr Ryl R RETERAR Bhndle
v { SIS LoE ] a5 mgra Db bt i s
passes thaunghthe wittettnundle Hevibe). f Intheicase of a single-pass tube bundle
device, the partition lane is omitted. As such, the slots 36 extend across the
entire slotted baffle 30. The slots 36 are sized to receive and support the tubes
11 of the tube bundle 10. For purposes of illustration, several tubes 11 of the
tube bundle 10 are illustrated in Fig. 2. As shown, the vertical slots 36 extend in
a direction that is generally perpendicular to the partition lane blocking area 35.
As discussed above, it is contemplated that the partition lanes may have
horizontal orientations, vertical orientations and/or vertically oriented segments
and horizontally oriented segments. As such, the partition lane blocking area 35

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

segments with horizontally oriented segments. The vertical slots 36 are



accordance with the present invention. [0023] As shown
in Fig. 2, the slotted baffle 30 includes a plurality
wo@boosesRiexal slots 36 | ocat-gd -on opposi ng si deBCDIS100®021175
partition | ane blocking area 35. The slotted baffle 30
|IIustrated in Fig. 2 is configured for use in tube
ane (i.e.,. for use

havj ng a cenjral tit
perpeRdipugariarhe ﬁgagomhwpafaﬁqsbé'l&;@@galmwsqg@ents
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slotd %6* fléh fgrf%@ t%)??é)%;é? i Ze%letrﬁ%s%mthé @hb%'sqtlt 1ﬁ%@%ﬁﬁlﬂ% 10.

to receive and support the

A plugdley of vegficdl jeesttedinp witd| 37 dre prévide wnithe daffdé 30. Each
illustration, several tubes 11 of the tube bundle 10
rib 3 extenduertigakiyl berwaanghe 3lotag6 satoshiown ineFige 2t iagh rib 37
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segnents and

orizontal l'y oriented segments. As such,
in gidacerpietdil below.l ane bl ocking area 35 may have a
hori zontal orientation, a vertical orientation or

vertically oriented. s grrents Wi th horlzontallg
[0024]i ent edn ge¢prdancs wnthé ¢ Breseptinveniien, the slots 36 can be

Fornggsf By, GRAME, [T PY MaT SOLEn (e G end Stamitiny it Bne° ©"
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are a ranged to correspon

the §d?)%erdﬂﬁe festREInveRESN phovided mmaﬁhlmé@s cagsablwbﬁéﬂehﬁng

vertlcally extending ribs 37 are provid on the
a sldIa’i‘&‘ that BGizddholreceive 37 least emcitibeelt tlhcedlhy Itvis talssepreférable

slots 36, as shown in Fig. 2. Each rjb 37 efera
that b fabricafien feahniquube suitahle & the cseationegt ' mitliple Lwépf{es 30.

spaci ng between adj acent tubes 11 in the tube bundl e

100258, { L JERREE AnE ARk 30 ¢ BaBRARUN the SRR BRERRE: 1
In sgﬁ’é%ﬁ k&ﬁfgtéﬂﬁeg rtﬁetl@ﬂgsﬂ S didt 3'8%3%‘%e [sgﬁ'%ﬂ:nt' s‘ﬂlch that the ribs

accor ance W resent |1 nvention, the slots
37 r@él‘\!i‘ir@ addigioRBreMyfobssrhémdor stability ahd wareagthe UFliis can be

drilling and stanping. It is
accomplished in one of several ways including increasing the thickness of the
plate. It is also possible to include at least one reinforcement rib that extends
generally orthogonal to the ribs 37. The ribs may interconnect the ribs 37 for
stability. The reinforcement ribs would have a width similar to or greater than
the width of the ribs 37. An example of a reinforcement rib is illustrated in Fig.4

as rib 48.

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



contenpl ated that other fabrication techniques are
considered to be well within the scope of the present

WO pweniizan provi ded such teghkni que is capabl e PET/US2007/021175
creating a slot 36 that is sized to receive at |east
one tube 11 therein. It is also preferable that the
fabrication technique be suitable for the cr n .of
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ribis illustrated in Fig.4 as rib 48. [0026] The tube
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ast one ed baffle 40 having horizontal slots.

centet of the plhiels arbdeldng heeasdat The bhadkihg arkd 44alvisraysimilar
hori zontal slots that provides support for the tubes
constiuctiontdfghe blapkéng aread 4 ebhcelogkingaare A4 is rerfigemredte

diref e dloaay tin G e Dy BT UEVIEE AR s ShelbR tofargR the
I e [
b9, A8 AR PR IE I O SR Bl
bund . tDkis ShiprdvedGhaReficiehdyRo ithe eab¥xdHadBet B directing more
partition | anes towards the tubes 11. The slotted
fluid aérokethethdas exclrmige satfaded. r Bhe hafflead miay\dlsmineiudeatdeast

ci rcunmstance, which corresponds to, the general
one partiini kane blecking area 4hdiiketbe pariqn lane blogkingjarpags, the
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bl ocki ng area 34. The bl ocking area 44 is configured
tubesd 1 of the tube bundle 10. The partition lane blocking areas 45 redirect the
flow of fluid within the partition lane towards the tubes 11 of the bundle 10 to
minimize the amount of fluid bypassing the tubes 11. In single-tube-pass

exchangers, there may be no partition lanes.

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

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



direct the flowwthin the tube bundl e device away
fromthe shell 20 towards the tubes 11 of the tube

wheovdoes24D to m nimze the-filsaw of fluid bypasBCTyS10nz021175

bundl e 10. This inproves the efficiency of the heat
exchanger by directing nore fluid across the heat

exchange suyfaces, The baffle 40 nmay al so incl ude at,
contegplate ﬁlaaat;sée partitign lapeemyy dare hgrizpatal grentatipns, yegtical
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device 1 towards the tubes 11 of the tube bundle 10.
horiZérgalhy orientedrseigarents| Dok hongzentebslots=3 7 andipasaliclith hd | ow

of fluid within the partition, |ane towards the tubes
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ity o orizontal slots 46. As shown in the two

extenasBetwdea the SIbte46 a8 showminFFig, 3. Baoh rit) 41 preférablyehas a
| ocated on opiJosi ng sides of the gart ition | ane

thickness idatgs shight!ly3gmalierctheh thesprging betvecadidjasentbiesd 1 in
agd support the tubes 11 of the tube bundle 10. For

the tyhe byadle 1 i1 ustration, several tubes 11 of the tube
bundle 10 are illustrated in Fig. 3. As shown, the
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can Bé €8x by sulin®C seLer WAy Ruttirg, idetins an®sangsfng hatis
the partition [Fanes nmay have horizontal orientaflions,

contemplatedthairdtkeert fabrioatsoratedhniquee atd caisidered tebe wetll within
segnents and horizontally orjented segnents. As such, .

the scope phithe present iamentigropravide dosush tgehnigye Hesapable of creating
haor.izontal orientatio a vertical ri entat.i on or

a slj 46 thats Sized todReeie ablgash one WEH 1B Ttdp Also preferable
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hori zontal partition segnents and perpendicular to the

[00303r t i calA Paridtidn GMthe dache 20 iy sidws i Fipadt i Thoslotted baffle
segments. A plurality of horizontally extending ribs |
50 idcludeschqmizontalesiots rhatvrng atdedstengerticad mibr4&% The vertical ribs
48 interconnect the ribs 47 to reinforce the ribs 47. The ribs 48 would have a
width similar to or greater than the width of the ribs 47. While a single vertical
rib 48 is shown, it is contemplated that additional ribs 47 may be provided to
provide additional stability. This is especially useful for larger sized baffles,

which are used in larger exchangers.

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

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



extends between the slots 46, as shown in Fig. 3. Each
rib 47 preferably has a thickness that is slightly

W@ mBle243 han t he spaci ng bggween adj acent t ubRGT/LI$200T1021175

the tube bundl e 10. [0029] In accordance with the
present invention, like slots 36, the slots 46 can be

formed by cutting, |laser or water cutting, drillin
to deseaibstherprigatatiop qféh%gﬁ{fh&mr&pquﬁa&s, Yty make up the
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suitable for the creation of nultiple barfles 40.
horig@@8D] A variation of the baffle 40 is shown in Fig.
4. The slotted baffle 50 includes horizontal slots
| eas rib,.48. The verti
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escribe the orientation’of the baffles or conponents,
whi ch nake up the baffles within the heat exchanger.
[0033] is cExtamphgimdarihafroththetperimétandf theqdaiedeward the

have one of, several orientations when in use. Thus the
centey,pbthsurlateds adlpedang areaed.i hhgd g anead s gized to

oSS B SRR e e St
of o YA oLy B BEPSQNL SR bhinety b e

surfaeNéf thershell 20 to permit insertion of the tube bundle 10 into the shell 20.
The blocking area 64 is provided to redirect the flow of the fluid flowing within

the gap between the outer tubes of the tube bundle 10 and the inner surface of
the shell 20. The blocking area 64 redirects the flow within the heat exchanger
away from the shell 20 towards tube bundle 10 to minimize the flow of fluid
bypassing the bundle 10. This improves the efficiency of the heat exchanger by

directing more fluid across the heat exchange surfaces.

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

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



direct the flow of fluid inwardly towards the tubes 11

in the bundle 10 away fromthe shell 20 and outwardly
waxag/0i2eam t he partition | ang-of the bundle. Ar@I/o8k0TIOR1175

baffle 60 in accordance with an enbodi ment of the

present invention is illustrated in Fig. 5. The
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tubed! ltIL\NRhWe %W"eﬂl‘sd hﬁt ERint 1 9Re ﬁfbetﬁlﬁl(ﬂéla&nce lis

bun I nner sur ace of the shell The
a su’ﬁgl@%hssﬁﬂe\aé@ an%@néﬁﬂil riceparsitiondahdsowe prédent Imaldllﬁat
anger away fromthe shell 20 towards tube bundle

configuration; thieriafBe ©Revill invlude o single dpegpingsi ng t he bundl e
10. This inproves the efficiency of the heat exchanger

o i b i e
B

bars ARRIPLAS!E Al AetarAes 30,40, Radt60t i The hgiaﬁcdgbqg Korged by
area 65 is sized to be recéived wthin the partition

securimetheftiet bars Suind skidbas @@ ithin theerespettive stists 32idndB3 in the
above inconnection with blocking areas 35 and 45.

bafﬂqseS%Zt@c andh gOapAéadnswssm aboyes; the tie harsashang thecskid @aaslr@are
he
prefEsabhL Ao OB IPie % apsbaS bY Wl S orEr dnitabe
6 4}
o R TSt 199

spacdthebvieén Bws (Z ei nd ﬁQ@ '(Sﬁfdehﬁg arvbath érQal@émhﬁﬁg Wfétineas
11 therethrough. In the event that the tube bundle 10

showndh Figsl . nAk ieapt enghblockirigobafflarédsmay be located betoveen the

vertical and horizontal baffles, as shown in Fig. 1.

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

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



openings in the baffle 60 will increase to correspond

to the groupings of the tubes 11 within the bundle 10.
wWoR@e/0432m3 t he event that thggtube bundl e devi CBRCT/US®0AH021175

si ngl e- pass device, in general, no partition |anes are

present. In such a configuration, the baffle 60 will

. include a single openjng. [0035] The assepbly of the
dischspsd ahowe: & Igasyione Of ths RibeRRtHiS geApedt lﬁr?ogl;e@aﬂéted

that 85§ 8ds o 10f vBte AR SBhedd ) A BF o Wt fied® 130ame, e
statiBRAY @besteet 49 :an&%e%atiﬁ%&uﬁiﬂﬂg%P@% ohé stfaﬁbﬂﬁs' t2¥esheet
se | ski n the

curing the tie bars 5 a ars 6 wthi

13 witsnhelebes a1t u1s8@ sactrthaBboth érds dfahé hetes36e sébtireditislthe
60. As discussed above, the tie bars 5 and the skid
samp ubesheetr183. pFk¢ essanibled ihertamdlé 1 Giininsered indoshashelhg0 by

T T T R D
s AR ARARLRP he ES A08s 1 lLE ehen

20. At | east one bl ocking baffle 60 may be | ocated between
the vertical and horizontal baffles, as shown in Fig.
1. [0036] Once the rigid cage has been assenbl ed, the

[0037]bes 1Asafisdussed abeve)arglipexids betwdea tha bandkedl 0 andthe

the cage. The tubes 11 are | oaded into the bundle 10
shelp90. Asellwiddflpwhnwithimthe shelk2(; some flwid willomigrats temardsthe

[ ffl 30 and 4 d th i . 6 67 i
gap pid TS rousibihe sarcanen o3 th exatinast o hib ilrestiy ED dowees the
it
e 4180 ARERAEPLE 10 A, PR b AT A e
proRa&Y ffedireet theRsw b fTui @ Mwardly w4t tieofibes il 1 Witthe bundle
adj acent tubes 11. After the tubes 11 are | ocated

10. diheHiluidtfleavinggeithintthe gap esinestis chBtaahwith4hewlotted baffles
secured to the ends of the bundl e

| 0. This. i
30, & sodDi IecbloghkingaaRasg o ios handisdcblage and Fefitess thenflow
of tefl A T8 she Bfvs rene. Asstghe be Tlid {SfeRRERS TnaRAY So fw
thro{i%’l‘.1 g’?‘é‘ﬁbﬁt fadd'3b ahg S)PEH %geagf66t 4t 61 PERe TR Qﬁﬂﬁﬁiéféﬁt&%h

palr of tubes one stationary tubes
the slts@Eart$6 hh@@id Oger ateas 66 ahd BF qausetheThal it® fidfwy pass the

t ubesheet 13 when the U-tubes are used such that both
tubesids wihiich bentairblesat maesfee surfacest dlhenpartition lane blocking areas
35, 45, 55, and 65 block or inhibit the ﬂ_ow of fluids within the partition lanes in
the bundle 10. As fluid flows within the partition lanes, the partition lane
blocking areas 35, 45 and 65 redirect the fluid flow away from the partition lane
into the tube bundle 10 such that the fluid comes into contact with the tubes 11.
The placement of the baffles 30, 40 and 60 at spaced locations along the tube
bundle 20 is sufficient to redirect the flow of fluid away from the areas within

the heat exchanger 1 that do not include heat transfer elements to those areas

with heat transfer capabilities.

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



same tubesheet 13. The assenbl ed tube bundle 10 is
inserted into the shell 20 by sliding the bundle 10

W@b@ng4Rki d bars 6 into the 19hell. Once the bupdi/Es®d07/021175
is properly oriented within the shell 20, the tubes
sheets 13 are secured to the shell 20. [0037] As

cussed ap exi sts between the bundle 10
on bafiles %35 ayp diierent grigntefigns Wil spect ke catlbptieno The

rbs e syt 800k e R SRt o PRt Blrle Shimic the

relafiVd ffdveetfény OE%‘ et €. E{;}%Paﬁ@wﬁ{ feirgbbtde WathiPthd he

exchanger . e slotted es 30, 40 and 60 are
bun@ieoMd, @ach tuber Eldhase¢ither e fribo37 ddcatddionl oppogingkides of the

towards the tubes 11 of the bundle 10. The fluid
tubef 1 hwmgibz)\ﬁz lfand thgglqggglg:@g@:?;guln?ﬁgﬁglaapp@sm sidies of ;ile
tube ) s pna i ad heeietinn Mg PEknE AR 75 Soraded DR opppiing
sideiqhbf T FhERbs 3 amttBg poding atsl susaplddB it 57

moV2hiat 8@%@%§§] 1 in A&difdcdn hatlik Wh @het S ghnk 8 tﬁé Blate 31

46 and the open areas 66 and 67 causes the

and hbstantially ohogums té the tibdds. Il thevdvienhthadmits hl begins to
_transfer surfaces. The El’ artition | ane bl ocking areas
vibra, sueh vibsatiamis wstabled dhrovghicentast withiigieradiagest ribs 8V ds

ithin.the partiti | anes in the bundle 10. As fluid
and)grbsssclﬂmgﬂieﬁﬁﬁ@n& ition lanes, the partition |ane
bl ocki ng areas 35, 45 and 65 redirect the fluid flow

[o0FH2Y ”Zf?ﬂetrnﬁ fﬁéﬁd {He%r}o%% i l%c{d'hgt Qfﬁzbtiﬂgh &indQs or

h th | Ui d cones |n con

55, dslshoWoR IFass Fedid fort berfleaf(f i tBO rel4flveftbveeneiit of the

spaced | ocati ons anng the tube bundle 20 is
tubes Uflf i Remendingon ¢kir boxatihevithinwhebuhdleild, eaetytubeanh hase
areas wWithin the heat exchanger 1 that do not include

elthwe«me 1ib 4 dpeated par@@pgmgcs@wsfé aitebes1 hiane mp 47 and the
tansfer, c lities 038 |
RSB ThioopleprbePRT s Al fhe HBe dheps oneriband
o)

o BT B i W
Theisf&r and therbleckiakiapeds 44 61'154 aadastortss 1aaitimovdinént offthe
ri bs 37 and the surroundi ng bl ocki ng areas 34 and 35
tubesrl ltinea dia¢dtiom that isiinithe same plane as the plate 41 and substantlally
orthogonal to the ribs 47 and parallel to ribs 37. In the event that tubes 11 begin

to vibrate, such vibration is curtailed through contact with the adjacent ribs 47

and/or blocking areas 44 or 54 and 45 or 55.

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

between the baffles 30, 40, 50 and 60 within the tube bundle 10, as shown in Fig.



rel ati ve novenent of the tubes 11. Depending on their

| ocation within the bundle 10, each tube 11 has either
wWo@r®s0if2487 | ocated on oppeong sides of the tROEUS200ME21175

rib 37 and the bl ocking area 34 | ocated on opposing

sides of the tube 11, or one rib and the partition

e B L, S bGP a3 i
i B e e B S AR A

comgbh&ﬂgﬂﬂﬁ'l p‘i‘oﬁlﬁg Héapﬁﬁ§s7fer | Th 6ther f6edy, tﬁé‘ﬁibet ?Eoﬂt& that

egin VI br at such vibration is curtal roug

are mahﬂja@"sed\fdrhhé parpetcafensuring s rdfusi tabeoburadle mmg also lead
areas 34 and 35. [0039J The ribs 47 and the

to a beat-wamsdemenhangemeny areas 44 or 54 and 45 or 55, as
shown on Flgs 3 and 4, on baffle 40 Iimt the

ond .5 SRR AR RSO 0
e S AT TR LA, 0

the BB $1 Afd Fikes thRf 6N DFtIAE within Ghe eX¢hahizbr ANth tHee
partition | ane bl ocking area 45 or 55 | ocated on

rectanpulai tabe arrdagerhent) ¢he albernating Vertical/hsrizdntahdispbsition of

bl ocki ng areas 44 or 54 and 45 or 55 Iinit novement of,
the ribe37 and47ill sesult dn thecstakes Thhin each sehbeme pasahiel 3o dheribs

37 g oF el ik diaRant Baies 3045 40/ so lhl BHRes 1§ ghé erd
by tlgﬁ ?ﬁﬁe%% By agé’ingﬁjtl%‘?ﬁﬁ t Wéh\fhéy @@ p%‘allla §.Hﬁﬂﬁw Tl

rou cont act the a acent

the tbiaﬁ%ﬁlaﬁ@ul%m geiditt, fo4s rﬁ'éleoﬂ‘orfﬁﬁe ofl&(ilﬂﬁbn'ﬁlﬁehelﬁakes
of baffles 30 and 40 or 30 and 50 in concert

ata gfvfeadt)ca/tmrytcr texiparalle] torthe |rrhs offonehod the beffles 3 0mndh46in
t he bundle 10, but are not %uffl cient tao,_prevent

ordeyitphald the. tulrese1 | fsely againghths ribsioffbatdatflect ed by f1ow

and for this reason, it may be desirable to use at

00425, SR EBRTS be el YL B BB Lo

com%ﬁdrﬁg%gu ﬁpﬂkhm &hrﬁSb§@ bbidRY| At they’ sresalmlomdqa Fhrphrt

at'ed at aced | ocations
the increased tube separation on 1nsert10n into the tube bundle to hold the tubes

firmly against the support rods of the cages and have a mechanism for retaining
their position in the bundle at all times. Thus, for example, the tube stakes
described in U.S. Patent No. 4,648,442 to Williams, U.S. Patent No. 4,919,199
to Hahn, U.S. Patent No. 5,213,155 to Hahn and U.S. Patent No. 6,401,803 to
Hahn might be used provided that their dimensions are satisfactory to the
purpose. The preferred type of tube stakes are, however, shown in Figs. 6 and 7
and disclosed in U.S. Patent No. 7,032,655 to Wanni et al. and U.S. Patent
Application No. 11/128,884 to Wanni et al., the disclosures of which are

incorporated specifically herein by reference.



between the baffles 30, 40, 50 and 60 within the tube
bundl e 10, as shown in Fig.1l. In addition, the use of

wo ame/osupport s defl ects eacllt-ube in a sinusoi PEl/US2007/021175
fashion. This tends to disrupt the axial shell side
flow that provides a cross-flow conponent, thus

[00@1”%8?{ Hheriabe stabeiyIn At inseued Fovidf L smbe Bundie 10 with

R TSR TR, B BBl Bcn

adjﬁemvetfﬂ@y@ﬁﬁﬂuof r‘ﬁ‘iﬂltslﬁ%h%hadf% éthefif, 1§Q PRSDHIORIr the

r,-dimnish t ef fectiveness of the baffles 30,

stakes 20 tb 60 locatedifipclote proximityes thd biveling bafflestide Bdoause
of fluid within the exchanger 1. In _the rectangul ar

thet tubes 40 regegeersupport frenathednaﬁﬂcs 39 and 0; andesesibed ahowe, it

. d t f th nd 47 ! h
s %(Itt;%ggéw'wo?qnﬁlé%ﬁﬁ%é&aﬁﬁ%ﬂgﬂeeﬁag‘ﬂ pdhe gl {78 Inefingyy”

vefiidn 8o DB b s BRI lp R D80 o
stagiegnirpé fthd Hfiné bllse Tafe b st‘@céd@Né l@b@ud%’@ill flake the bundle

arly, 1n the triangular tube arrangenent, it is
strongdreitdd possible td linsert iherstakdes anlyinto labtestatd tbedanes with the
given location to be parallel totherlbs of one of

lnStemaonI;Dhm#Iaé@me@Lﬂi eagh iswcqsswe loatign) & qrri:éampé%st,hq stakes
t ffl

may SRS She Padauhecr b lgaeh ardfe iy IpEAuAT. dnp the
e %@ynﬁv%gé%ﬁnéaﬁf%%e&%& RPHRESE ol B or e

tuERHAE hPELRBsIiINS Staké 98t loBatforish eTHe digedtibndd Fins&rtibal d
the tubes firnly against the support rods of the cages

(aligrménety éorathoBtdkes i761s hraderte talternate)irt the sarrpaoway iapthe baffles

the bundle at all tines. Thus, for S t he tube
30angidds namsdy.ithestakes {0 arc paedad ing diidcrsnbdiragtiqnoat each

staban iR iongss ek apc,isgfied i 1 g s algg Bossible to
insgrt aQPdlﬁgr?’altsf’aléé@lap @Qtepg‘rﬁi}b‘?sp?ﬁ"t Pé&gﬁg otrlﬁﬁSf JiR& T

I MENST ons “ar e sa rpdse

lod&"tl%fl@%é ﬁécés?ﬁﬁ@' @(ftl hied U &4ERO08E Bubegovever , shovvn in
Fi gs. and and disclosed in U 'S. Patent No.

7,032, 655 to V\annl et al. and U S. Patent Application
[0044]. 11/ Fig,GHlstratessmrexasplabf a tubestake o suppast 76¢ This
typemel‘ t%lgeas{aie or support includes corrugations along the inner portion
(within the tube bundle) which deflect the tubes slightly to provide resilient
support for the tubes while, at the same time, enabling the stakes to be readily
inserted into the bundle; at its outer extremity, each stake has dimples which
deflect the tubes slightly in the same way as the corrugations but which lock
more securely onto the outermost tubes so as to minimize the likelihood of

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

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

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



i ncorporated specifically herein by reference.[0043]
The tube stakes 70 are inserted to stiffen the tube
wheovdhes24D with the stakes-99 -being i nserted i PCDUSI907/021175
bundl e 10 around the m dpoi nt between adjacent baffles
30 and 40. Wth such an arrangenent, it |s possi bl e
for the stakes 70 to be |ocated jn close qgjmty to
by atqoéltmuaaw af theatube sewsowithatbgrdube fews agangadin dpilage
fron1th baff 0,a 4 S, descri
conGaifpgal manRE mfinkin LETbe pBRfed hehE TafesbiVogn these
two raH ‘Ee tuSL cﬂ.?f‘&%b%rﬁ 10 Qﬁtﬁlﬁ‘éke\ﬁllf’% %Za%%gt‘éﬁﬁ%

ough insertion o
acros$! ﬂﬁoﬂhbe %ﬁﬂﬁ‘:s Edqdhotubb etake M) Kdshieariseeise raivs Dfesigsd tube-
|l ocations will nake the bundle stronger, it is
engqging zbhes. t thé tuberengagmngszaties snashby formesl a8 nowysnef alternating

lanes with the ingertion | ane aljernatin c
dlmB‘@é ddaricpsruggtians ¢4 or Fsmbé&aémw% theeea; 3’%5@ Ha%/a%e
erte 04t he d
arma ento impleS 1 e el RARGES 26 WY e BibIET iehd
g the length of the tube bundle
fron) Bﬁgﬁdégggg{égg%gggitﬁgg | ocati ons. The direction of
insertion (alignment) for the stakes 70 is nmade to
[004%6]t er naFég.iThilluserates mhottiy easmplecofmbiftieesuppOrtaBidfot @ise in
namely, the stakes 70 are inserted in a different

conmfiotiontwish the pneaem igventiamh Bube supporb$) apmpsisenay clongated
i ns rted nt o ndl e.

flat es: i ahiiro S8 Rels af et b 0 feCifreb ogettiy; The
tubg ﬁ%he?@ﬁso LR S LOST ot QB! SRR AFEBE™Y! (P ates

an exanple of a tube stake or support 70. This type of
[0047Jbe St ¥<R{1Pbe appient td thebeisicifle ¥ (et kignsaslbany t he

inner portion (Wthin the tube bundle) which defl ect
modifieatiofisemdéon girdtions mayr be imdde veithdut elepastingplvom thescope

the tubes while, at the sane tine, enabling the stakes
of theopn@éerrteawntwn nElus, édsiintended thap theipresenfny ertion eqyvers

the FOUEERORS AR riatiopeoL B mpATA IS atth et i, hiidsd
o LS A Vs

di sl ocati on of the stakes strips during handling or in
oper at i on.




[ 0045] The tube support or stake 70 is forned froma
strip of netal which extends in tube | ane defined by
wo h@spifaes 11 on the two si-dg@s of the | ane. | nP@HES2007/021175
conpl ete tube bundle, there will be additional tubes
extending in the row formedby a continuation of the
tube rows, with other tube rows arranged in simlar
conventional manner naking up the tube bundle. The
tube | anes between these two adjacent rows and ot her
CLAIN{Scent rows of tubes will be simlarly extensive
across the tube bundle. Each tube stake 70 has
transverse rows of raised tubeengagi ng zones. The
t uhe- engaqi zones may. be forned as rows of
L al &pﬁgﬁuﬁ&ﬂgq%%gorypﬁ S8 corrugations 72 or
conbi nations 73 thereof. Wth such an arrangenent,
di ephlousingl and/ or corrugations 72 and/or conbinations
73 extend from opposi ng sides of the stake 70. [0046]
Fi g.tube bindistiocited wathoi tiey h Ivehertinatht ublee bupdle having
80 for use in connection with the present invention.
a pluratity efipybes arraogedpprallekto ene anczihgrametubt rews:randoer
made up of two flat strips of nmetal 81, 82 secured
t ogefedst oneld18ttéd Depporobaftle H?aQ/m%TQbMﬁﬁﬁtyaéf $paeed apare slots
t ube- engagi ng zone 83 [ 0047] w Il be apparent to
formdibthereikj Whertin sadchhef lzhetpluﬂaﬁty vhspaved apertisiots btingsized to
and/ or variations may be nade w thout departing from
recefyecatdgass @ngo! tth%ttmeéél&f@thrw&lhu on. Thus, it is
i ntended that the present invention covers the
noeilicreiateach slotied suppor thaffils havinglaa ayteepaimesteaadd a
met hods herein, provided they conme within the scope of
blocking @r,@péﬂa@@d betayaen the Quickgicrimeaien and strlurality nésm;cedA
tu bundl e device conprising: a housing; a tube
aparg)é e located within the housing, wherein the tube
bundl e havi n plurality of tubes arranged parall el
t owheeciaribe bgrckmg angh beingsizedirdbetodategswithinea gapbetaween

support baffl e havi lurality of spaced apart

the housing a ﬁ’é@rtt‘ll#&sé?fﬂgeW%’@"ﬁl%ach of the plurality of
spaced apart slots being sized to receive at |east one
of the tubes therethrough,

2. The tube bundle device according to 1, further comprising at least one

blocking baffle, wherein each blocking baffle comprising:
a blocking plate having an outer perimeter;

at least one plate opening sized to receive the tubes of the tube bundle

therethrough; and

a blocking plate blocking area formed between the outer perimeter of the

blocking plate and the at least one plate opening,

wherein the blocking plate blocking area being sized to be substantially

located within a gap between the housing and outer tubes of the tube bundle.



wherei n each slotted support baffle having an outer
perineter and a bl ocking area forned between the outer
w@eoosie2¢s and the plurality4ef spaced apart SPOL/BS2007/021175
wherei n the bl ocking area being sized to be |ocated
within a gap between the housing and outer tubes of

the, tube pundle. 2. The fube bundle device, accordi n
3. 1 o The b builc dswsici wPaping @ GAEN 2o dasrigbe Qs aydle,

haviyéga{t Zéz{%g \8/ﬁ§1 gaﬁitﬁ)%kl%lg? s%ggrr{drirrgg é?)!gptgérf‘ .Pf'ﬁie tﬁb94 8F{H§tr{gbe

an ou east one p

bun@R8GitH ﬂn&hé?ﬂoftfbnr SCthk (EbdshsT the beise Biind1Bewhereeh Bathdbfthe
t her et hrough; and a bl ocki ng plate bl ocking area

at lehstrorrecblbekingdrafflo havinpent 1¢ast bnepertitivh lahe bidakikg phate
E[ ate and the at |east one plate opening, wherein the
blocking-aieadoyned thes¢ine whgreincach pEtheptdeass @ne papition lane

blockiig BafkbRekiesTes beie YHbOuiAcEved IR BErSARATES ot
1easﬂ%% ﬁ@lgftz,ﬁlqélgés pgtgequggﬂjﬁ@%,_ wherein the tube bundl e

one p I'on | ane separating a
portion of the tubes of the tube bundle wi th another
portion of the tubes of the tube bundle, wherein each
of the at |east one blocking baffle having at |east

4. on@hpdubé bundleldamicecootding tptlain 1pvdekeinghe tuke bundled
therein, wherejn each of the at | east _qne partjtion
having s leasbere Rartiion; lang separating ap@atl%%glestug%ijo therjube

oo S i S SORE SR B PRS0
at legtgtccf}{edQlaﬂed Sufpoit Farhe Wﬁﬁﬂe&ﬁ%n‘e%ﬁiﬁb‘ﬂ tHife Hl@&tipg area

east one partition la separati'ng a portion o

formddethetdig swhéreihad! ition dhree bllotkingruztd Being®izddow bf
the tubes of the tube bundl e, wherein each of the at

receivedswitbimethg [cottesporslipg partitivar kane ofiéhve tupedrundiast one
partition |ane blocking area fornmed therein, wherein
each partition |ane blocking area being sized to be
received wwthin the corresponding partition |ane of

5. UNEnt s BURHE Gevice according to claim 4, wherein each support baffle
comprising:

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

the partition lane blocking area; and

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

the partition lane blocking area.

6. The tube bundle device according to claim 5, wherein each slotted

support baffle further comprising:



5. The tube bundl e device according to claim4,

wherei n each support baffle conprising: a first group
w@boosles2pd ural ity of slots-lsi-ng | ocated on oneCHUS®OT21175

the at |east one partition | ane bl ocki ng area between

a portion of the blocking area and the partition | ane

bl ocki ng area; and.a second group of the plurality of
s 8 u@ﬁﬂhg? PRI CHb o BT 1D RBOB eIl epds tybstantially
I | ogkin bet ween anot her portion of the
paragmllaeg&ﬁ‘?éﬁ%aﬁy%gl%tt%e partition | ane bl ocking area. 6.
The tube bundl e device according to claimb5, wherein
each slotted support baffle further conprising:a
plurality of support ribs, wherein each support rib .
7. exThedebsblmsdlandevidel accpriing ketlaim 6, iwhapeinreaichtsjotted
slots. 7. The tube bundl e device according to claim®6,
suppartbaffle futbier sowprisingsupport baffle further
conprising: at |east one reinforcenent rib extending

I napledt G tedifosctdsé it ettbidiaptihaglirstiohgubstantialbpor t
ribs and the slots, wherein each rib intersecting at

orthbgansa! toitlee supgporhdbsiand dusslosnwhstain each ribHntersasting at least
bundl e devi ce ai:cor ding to claim1l, conprising at

one rivANd ¥igastonsslely i ented sl otted support baffle and at
| east one second oriented slotted support baffle,
wherein each of the first oriented slotted support
baf fl es bei ng spaced from an adj acent second oriented

8. sl %%Qﬁbéld@ﬁ’dlétdebﬁfefdc@ordmg ke LRihNE cBhipriing At legst one first

spaced apart slots on the Tirst orientéed slotte

orieatedpdottedafppoet befflc apdfat ledst oné sedondi carientedislotted support

lurality of spaced apart slots on the second oriented
baff¥g,ot t ed support baffle having a second orientation,

which is different fromthe first orientation. 9. The

tu Eﬂwg@iﬁgaﬁh o€ vhefirsp ogientbidndotted sippom Bafflebdeitigspabed
t ube bundl e
from an adjacent second oriented slotted support baffle,

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

different from the first orientation.

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 of the first oriented slotted support baffle and each of the at
least one second oriented slotted support baffle having at least one partition lane

blocking area formed therein,

and



having at |east one partition |ane separating a

portion of the tubes of the tube bundle w th another
w@ersioen24df the tubes of theet-ube bundl e, wherRCTHUSROTI021175

of the first oriented slotted support baffle and each

of the at |east one second oriented slotted support

baf f | e havi ngﬁat | east one .partition ]J]ane bl ockin

ar SR leh Phl ol Ong RATHEPB 1 BICRkiE atpa Bhgridio b
reoel B Ghf s FRFon Tl PREBR TS ERTBE BARET of (e

tube bundl e. 10. The tube bundl e device according to

claim9, wherein each of the first oriented slotted

baffl e and each of the at |east one second oriented
10. s| Thtedbesbypdie debakfdceontingto slang:9, avHereinteagh of phefirst
. slots and a second group of slots spaced fromthe
orientedsottadobpiflgrand Qapg of e atdsastanesepgndiopigntedsigfted ane

bl ocking area.therebetween. 11. The tube bundl e device
SuPpéE’Eg?ﬁferﬂ)WU‘%?gf urther conprising at |east one

bl ocki ng baffle, wherein each bl ocking baffle

congirstsgnoyp of shite ard agepond grawmofifdots spacadeirom the first

perineter; at |east one plate opening sized tq receive
grouel SIoisRdSEPRIFES B8 POTHNTL A0S BYGEHIFG BEfe gFRpebvoen.
bl ocki ng pl ate bl ocking area fornmed between the outer

perimeter of the blocking plate and the at |east one
pl at e openi ng, wherein the blocking plate bl ocking

11. ar §RcREbOBuRdIE W viR Reotdir@ i, futhet eamﬁisin%w IeANtond

gap between the housing and outer tubes of the tube
blockityibaffle] dhefidin eacibldeking bafflevioneprigingr di ng to claim
11, wherein one of the at | east one bl ocking baffle

g:?ﬁrw%éslggggpge Revitgeh Adbes&ithefers St oriented slotted

.second-oriented slotted baffles. 13. The
t ube, bundl e devi ce.according to chaim 1, rther
cofblerst dng piAfE aifE e d kB sbbes.of e W honll
therm%@glﬂ ahfje at least one
a blocking plate blocking area formed between the outer perimeter of the

blocking plate and the at least one plate opening,

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

bundle.

12.  The tube bundle device according to claim 11, wherein one of the at least
one blocking baffle being located between adjacent first oriented slotted baffles

and second oriented slotted baffles.

13.  The tube bundle device according to claim 1, further comprising:



el ongat ed tube support nenber being sel ectively
| ocated in the space forned between adjacent rows of

wao aives4s2eher ei n each el ongatpgd tube support nePdEDS2007/021175
havi ng a tube engagi ng zone for engagi ng an adj acent
tube in the tube bundle. 14. The tube bundl e device
acco&ging tg clai further conprising: at |east one

8,
el 8h ste%newleag%tsg}%bq syppRFlenempse reheremthe at lgasg ope

clonhfeduRe St eTod AR el T IRTL AR AP Bk SBhes Brthe
bewf]ééﬂecﬁi' aégﬁt? ch\jvﬁ‘ of Afes SWRBRA @?CH élBﬁé%B RBd sufpREmember

avin ube engagi ng zone for engagi ng an adj acent

havfh?bﬁtu'be ehpegingrenb dodétgagiiieas adjactst tabe lietiwi tubsdundle.

el ongat ed tube support nenber being | ocated between
adjacent first oriented and second oriented support
baffl es. 15. The tube bundl e device according to claim

14. <. e e Bl Tovisebtardihe il fudhel ibmgsnta

t ube support nenber being selectively |ocated in the

spatleastooneeelobgated éubeasiippocinmembes, whereihide, at igast ene
elonzg(;h S gggat ed t ublgeﬁ up g}o%etls(%e ei havd ngg a si)%gfp ed
t I f '
verd BEnHh FonfBrdhet ity SHBEETeBRA e g fcber
havff'ng%'b% 'eﬂ@é;iﬂgpﬂo% 301“@1‘(%6@%?% Qﬂia%énﬂ%h:é HEHRY tub@ bundle,
Y apart s

urality~o pace ots formed in the plate,

whey¢ifiiteé 8t Rastonf elohgatpd witkd suppoaf membee teingdotated between
being sized to receive at | east one of the tubes in

adjacent finsberiputedlandtseeond priontgd suppert kafflescki ng ar ea
formed between the outer perinmeter and the plurality
of spaced apart slots.17. The slotted support baffle
according to claim 16, further conprising: at |east

15. rapTibs hpdfle BRECHAEHARPLRIR 12, SRR EERIME, ™

area with another portion of the bl ocking, area,
at least one elongated IE'gube support mem%er, wﬁeremgthe at least one

elongated tube support member being selectively located in the space formed
between adjacent rows of tubes, wherein each elongated tube support member

having a tubé ehgaging zone for engaging an adjacent tube in the tube bundle.

16. A slotted support baffle for use in supporting a plurality of tubes in a tube

bundles, comprising:
a plate having an outer perimeter;

a plurality of spaced apart slots formed in the plate, wherein each of the
plurality of spaced apart slots being sized to receive at least one of the tubes in

the tube bundle therethrough; and

a blocking area formed between the outer perimeter and the plurality of

spaced apart slots.



wherein a first group of the plurality of slots being
| ocat ed on one side of one of the at |east one
w@2008i0432eh | ane bl ocki ng areg8 -bet ween a porti oPCDiS100021175
bl ocki ng area and the partition |ane bl ocking area,;
and a second group of the plurality of slots being
| ocat ed on another side of one of the at |east one
partition |ane bl ocking area between another portion
of the blocking area and the partition | ane bl ocking
17. ar #he siddtedBuppeitdiaffie ascording toldéaiin é6 afirthedicomprrising:
cI ai m 17, further conprising: a plurality of support
ea egpzﬁ“uﬁéﬁ MarkPIBEkin rﬂlﬁ’te%b&ﬂﬂ%a HitAérein
paralel the plurality f sl ots The sl otted
inteioppedtingoaid pertionasfite bipdking hreawitls another pomiomaeiithe
slotted support baffle further conprising: at |east
blocking atehnf or cenent rib extending in a direction
substantially orthogonal to the support ribs and the
s| othereinadiist proepodr the pluratier sfdbisrtping 1dcatst omore side of
and at |east one slot. 20. The slotted support baffle
one af theratileast one qjamtmmmnefwmkmg amﬁﬁtwgmmg periom obthe y
of ribs, wherein each r P xtends f ma portion of
blocking %ﬂeéé‘l@fjﬁbe H?’é’élqnolaﬁ?lb Fnﬁnﬂu‘ie?e of the bl ocking
area, wherein each rib extends substantially parall el
t oatsbeomj groabi dfithe plurabityso fzsldtstheeng bocatedi @nanather side of

bl ocki ng portion.21. A bl ocking baffle for
one pf the aj)papt ®ng éxartétéorhl;mielﬁog(lpg area batyegp apgtglgg portlon of the

blocke iAo nd pRdion AT Rk 8450k or el n' cach of Lhe

pai r of openings being sized to receive a portion of
the tubes of the tube bundl e device; and a bl ocking
area forned between outer perineter and the pair of

18. OP&heRUsttedupprtiBadfll abgordifd loeclaias 47 dfurther @onlprising? 1,
further conprl sing: at |least one partition | ane

bl @ AR PO AL PRIPGEL, Wh b fifedch sTBPoft B SttBnds substantially

parallel to the plurality of slots.

19.  The slotted support baffle according to claim 18, wherein each slotted
support baffle further comprising:

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

one rib and at least one slot.

20.  The slotted support baffle according to claim 19, further comprising a
plurality of ribs, wherein each rib extends from a portion of the blocking area to
another portion of the blocking area, wherein each rib extends substantially

parallel to the plurality of slots and the partition lane blocking portion.



I nterconnecting one portion of the blocking area with
anot her portion of the blocking area. 23. A nethod of
w@emwsoe2kd ng the flow of fl-@od within a tube beemiUs2007/021175
devi ce, wherein the tube bundl e device having a
housi ng and tube bundle | ocated therein, wherein the
tube bundl e having a plurality of spaced parall el
tubes, wherein a gap exists between the housing and
t he tube bundl e, wherein the tube bundl e having a
21. pat blocking taffle fepuseawithg tabe busdlegiavige hdvinge pdpeadityl of
parallel, tubes froma second group of the spaced
tubes¢UNPESINGubes, the nethod conprising: redirecting at
| east a portion of the flowof fluid in the gap to the
t ubpldtahdivimg @anouteegerimetérng at | east a portion of the
flow of fluid in the partition |ane to the tube
bu : ; ggé)l? i 6l A ' in
regi(iyra grc(t?fforpgﬁgt%slr%g@te géﬁpor l?g@ﬁ%%&%lﬁe&F ngﬁ%? %‘ ?E?d in
opeitihgs beingtsizdde revdiee huputtion bt fubes of ther twbe diundleadevice;
| east one slotted support baffle at a predeterm ned
and| ocations on the tube bundl e having a plurality of
spaced apart slots fornmed therein, wherein each of the
pl WibdddKiNg afeasionmied bapaédn GuteF perddiettd apd2Re phie ofopehings.
at | east one of the tubes therethrough, wherein each
slotted support baffle having an outer perineter and a
bl ocki ng area forned between the outer perineter and

th lurality of spaced apart slots, wherein the
22, /' BcRlof mgrlaaafﬂs@pﬁfgr 2iatiagn gl SRMPAISIBE:| ocat ed
within a gap between the housing and outer tubes of
t hat keakteoreypattition dariecll ockingrpdate tloekibg acda fogmeddherein
. redirecting the flow of fluid fromthe gap towards_ the
intergpppegting onsy parsionad the hlacking,arga with anwgehﬁ@lﬁm of the
bl ccording to claim24, wherein redirecting at |east a
°°8H}&‘?r8ﬂ- of the flow of fluid in the gap to the tube
bundl e conprising: providing at |east one bl ocking
baffl e at predeterm ned | ocati ons al ong the tube
bundl e, wherein each bl ocking baffle having a bl ocking

23. pl &t metiddnofagontrolling the flow of fluid within a tube bundle device,
wherein the tube bundle device having a housing and tube bundle located
therein, wherein the tube bundle having a plurality of spaced parallel tubes,
wherein a gap exists between the housing and the tube bundle, wherein the tube
bundle having a partition lane separating a first group of the spaced parallel

tubes from a second group of the spaced parallel tubes, the method comprising:

redirecting at least a portion of the flow of fluid in the gap to the tube

‘bundle; and

redirecting at least a portion of the flow of fluid in the partition lane to the

tube bundle.



outer perinmeter and at |east one plate opening sized
to receive the tubes of the tube bundl e device
wao besesfzadbugh, and a bl ocki-rgg -pl at e bl ocki ng aPEHUS2007/021175
fornmed between the outer perineter of the bl ocking
plate and the at | east one plate opening, wherein the

bl ocki ng. pl.at e bl ocki ng. area being si.zed to he | ocated
24. uj TREGIhGE BCoRIREHP A R STEF IR RRNIERRIBE At {57t & gortion

of e ey N3 s &1 Ty PRERRB UG o the gap
t O\g?c;\gicsiintghaet lgallsltJ rogle is}o%te%fsuf)gglgteb%fﬁg g{ 2ti p?clrd%ttesrhlined locations
on the tube bundle having a plurality of spaced apart slots formed therein,
wherein each of the plurality of spaced apart slots being sized to receive at least
one of the tubes therethrough, wherein each slotted support baffle having an
outer perimeter and a blocking area formed between the outer perimeter and the
plurality of spaced apart slots, wherein the blocking area being sized to be
substantially located within a gap between the housing and outer tubes of the

tube bundle device, wherein the blocking area redirecting the flow of fluid from

the gap towards the plurality of spaced apart slots.

25.  The method according to claim 24, wherein redirecting at least a portion

of the flow of fluid in the gap to the tube bundle comprising;:

providing at least one blocking baffle at predetermined locations along
the tube bundle, wherein each blocking baffle having a blocking plate with an
outer perimeter and at least one plate opening sized to receive the tubes of the
tube bundle device therethrough, and a blocking plate blocking area formed
between the outer perimeter of the blocking plate and the at least one plate
opening, wherein the blocking plate blocking area being sized to be located
within a gap between the housing and outer tubes of the tube bundle device,
wherein the blocking plate blocking area directing the flow of fluid from the gap
towards the plurality of spaced apart slots.



