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referred to as tube stakes. The tube support devices

are installed to control flowinduced vibration and
prevent novenent of the tubes or rods within a tube

bundl e. Speci ANEHKIBRATIONJABE SHBRORE rel ates to

a tube FORGTBEBUNDLESHAVINGIU-SHAREDBENDSI on

of the tube bundl e wherein the el ongated tubes have

FM@gﬁfﬁe nqmﬁtheflowdirection within the tubes is
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the tubes. The configuration of the tubes in the
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Backaround el fheluxention.,  ypes except at the periphery
of the tube bundle and is directly opposite a
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conduct the fluids through the equipment. In such tube bundles, there is

typically fluid flow both through the insides of the tubes and across the outsides
of the tubes. The configuration of the tubes in the bundle is set by the tube
sheets into which the tubes are set. One common configuration for the tubes is
the rectangular 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 six other tubes (the two adjacent
tubes in the same row and four tubes in the two adjacent irows). The tubes

contained in the tube bundles will extend in a longitudinal direction along one



wi th one another so that each tube is adjacent six

ot her tubes (the two adjacent tubes in the sanme row
w@pa70en3 t ubes in the two adjacent rows). TheP@TIDER06/040422

contained in the tube bundles will extend in a

| ongi tudi nal direction al omg-onesi de of the tube
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density of the fluids which arise as they circulate as
a rqee03) Mhid fewhner®aband thdRibes adwelestthe chhnddsn the
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temperetinedudattnsith ofitheflvidsfwizinh asise b dtayr giradataras airesult of
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reduce tube vibration. Tube support devices or tube stakes as these support

devices are commonly known (and referred to in this specification) may be
installed in the tube bundle in order to control flow-induced vibration and to
prevent excessive movement of the tubes. A number of tube supports or tube
stakes have been proposed and are commercially available. One type, described
in U.S. Patent No. 4,648,442 to Williams has a U-shaped configuration in which
the distance between the top and bottom surfaces of the channel is the same as
the distance between adjacent rows in the tube bundle (i.e. is substantially the
same as the tube lane dimension). This type of stake is inserted between the

rows in the bundle and is secured at end by an arcuate segment which engages a



in US Patent No. 4,648,442 to WIllianms has a
U-shaped configuration in which the di stance between
wao b@7pgpoand bottom surfaces of the channel i sPeTESHa6G10422
as the distance between adjacent rows in the tube
bundle (i.e. is substantialidyy the sane as the tube
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sta |ntopace etvve e two rows o

tube!lupie. in [sOQD4K] thé \Sshagedr stalypie 16tkdduineo plagk detwween the two rows
described in U S. Patent No. 5,213,155 to Hahn which

ofdikes. oses a U shaped stake which is inserted between
two tube lanes with the closed end of the U over one

of tibedéepeA isphiaedypt wieshd dtakdis dugodbed iSRS Rftedt€o.
formed in the open ends of the V-shaped cross section
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engage with opposite sides of the tubes in a single row in the bundle. The U-

shaped stake is fastened in place around the tubes of the bundle by suitable

fasteners extending between the two arms of the stake.

[0007] One problem with the pressed configuration of the type shown in
U.S. Patent No. 4,648,442 is that the stakes do not create a positive location for
each individual tube, although the stake is locked into place in its selected tube
lane. The tubes remain free to vibrate in one plane parallel to the tube lane and
parallel to the stake. A different problem exists with the design shown in U.S.
Patent No. 5,213,155: although the tubes in rows encircled by the U-shaped
stakes are fully supported, the tubes at the periphery of the tube bundle which



[0007] One problemw th the pressed configuration of
the type shown in U S. Patent No. 4,648,442 is that
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foumtpd stakeris, howeverf quite etpessiviedo inggmifactore A ugitatyestake
SRt 6y e Kb B S50 i oiono
sef R LR e e R UBIRRIA 00t age. of ¢ hese st ake
rcalNAl Arashe: dstantsieo e BkofcBe iUBE BernEiens
aré A Rl sifed 76 HaABABSALRAR il e hORich of HE B LBERIIE
containing the U-shaped bend portion of the elongated tubes. These designs do
not permit the manipulation of the stake such that it can be properly oriented

within the tube bundle to reduce or prevent vibration of the tubes in the U-

shaped bend portion.

Summary of the Invention

[0010] Itis an aspect of the present invention to provide a tube support
device for a tube bundle having a plurality of elongated tubes. The plurality of
clongated tubes are arranged in rows of elongated members. Each elongated
tube is substantially U-shaped such that the elongated tube extends along one
side of the tube bundle anchor assembly and along another side of the tube



not permt the mani pul ati on of the stake such that it
can be properly oriented within the tube bundle to
WO e@aoe7603 prevent vibration of the tubes in tPEI/US2006/040422
Ushaped bend portion. Sunmary of the Invention [0010]
It is an aspect of the present invention to provide a
t ube support device for a tube bundl e havin

a
bupidie. aEachytubk hals arppar eielongaied limgar portions ii@iyg@by a U-shaped
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m&hbbRee{teRbRegl e paRUT dppasingaaces. Piy caitempbnedtied the

l'inear portions joined by a U-shaped bend portion. The
tubeibrgagipg membesimay be fdrobelasadingllesm garrwgations or other
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orpphged SEbnHiPy he MpEaBRSHIRAt Braccbladbe with the
pre€énTRilv o iTRIARE to BRIbsHEd befvecaadpident réws blblodgated tubes
projection that this capabl e of engagi ng the tubes

inak¢ hehaypdbemdgpartipnsi ng si des of the strip. The tube
support device in accordance with the present

| Nvehi[Nin sccdtdidide vt thel freadng tnialivacthedbasaport dedice
of el ongated tubes in the U shaped bend portion.
ﬁlmgﬂ. dclhdesancangigpmentagsemblie fonesieon oneend of the tubksupport
tube support device further ipcludes an engagemnent
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The, en e t assenbly is confi .
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the tube support vice to the anchor assernbly and the
biirile, ThedhehorTimembtshisringerteeintithin theitnbe: {ide onids lof the

the tubes. The ends of the anchor assenbly nmay be
angherrpesemtly gpay be chsmpeddp aneerguey ok the @ulestubgspof the bundle

e R B YRR RN bR T e
fofht 8 £ B0 cAWIEARIRARAEN ah BEaRPARAGKITIIY erfttg8HRhY assembly
can be partially rotated or pivoted about the axis of the anchor assembly such the
tube support device can be rotated into the desired orientation between the tubes
to prevent vibration. The engagement assembly may include an aperture formed
in one end of the strip. The aperture is sized to preferably receive the anchor
assembly therein. There may be instances where insufficient clearance exists
between the tubes such that the support device cannot be inserted fully into the
bundle to contact the anchor assembly. The engagement assembly having an
aperture is particularly suited for new tube bundles where the tube support
device can be secured to the anchor assembly during the assembly of the tube
bundle. The engagement assembly may alternatively include a slot formed in

one end of the strip. Like the aperture, the slot is sized to receive the anchor



can be partially rotated or pivoted about the axis of
t he anchor assenbly such the tube support device can
wheoorosmded i nto the desired orientation bet weRCI/UK®06/040422

tubes to prevent vibration. The engagenent assenbly

may include an aperture formsd in one end of the

strip. The aperture is sized to preferably receive the
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of material to the end portion of the strip. [0013] In
The dubeibwedevievicednoludes adupacbundlé havimgm ploeality of elongated

[ tion, a tube . .
fubes. An anchot assembly, which takes the form of either a cable or a bar may

be located between the inner tubes of the bundle. It is contemplated that the
plurality of elongated tubes are arranged in rows with elongated tube having a
substantially U-shaped configuration. The tubes have a first elongated tube
portion that extends along one side of the tube bundle, a U-bend portion that
extends over an anchor assembly, and a second elongated portion that extends
along another side of the tube bundle. The tube support devices are configured
to be located within the spaces between the U-bend portions such that the

engagement assembly engages the anchor assembly.

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

tube bundle device is a heat exchanger. The present invention, howevet, is not



bundl e devi ce enpl oyi ng the above-descri bed tube
support device is disclosed. The tube bundl e device
WO p@i7/eee3 a t ube bundl e having a plurality of PCDOISEDECH0422
tubes. An anchor assenbly, which takes the form of
either a cable or a bar may e | ocated between the
. inner tubes_ of the bundle. It is contenplated that the
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suppoitt dleniceengakbsthepadhbeadembly bbtheviubé bandlst tHuehttuba
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suppeiitdetiiceds setatad ahowt the s ohthe acher assemblysuch that tube
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el ongat ed tubes near the U shaped bend portion of the
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[0017] Fig. 1 is a cross-sectional view of a tube support device having an
engagement assembly for engaging an anchor assembly in accordance with an

embodiment of the present invention;

[0018] Fig. 2 is a cross-sectional view of a tube support device having an
engagement assembly for engaging an anchor assembly in accordance with

another embodiment of the present invention;

[0019] Fig. 3 is cross-sectional view of the tube support device taken

along Y-Y in Figs. 1 and 2;

[0020] Fig. 4 is a cross-sectional view of the tube support device taken
along Q-Q in Figs. 1 and 2;



Brief Description of the Drawings [0016] The invention

wi Il now be described in connection with the follow ng
wale@nosmgod n which |i ke reference nuneral s desiBEEUS2006/040422

i ke el ements and wherein: [0017] Fig. 1is a

cross-sectional view of a tifbe support device having

an engagenent assenbly for engagi ng an anchor assenbly

| n a[wai digcd isw sxdeaﬁewﬁdhe gegagestent peseprlaly ofithe

nt| 00 iig. 2 is a cross-sectional view of
e‘%‘i ggﬁfb‘%’? g e havi ng an engagenent assenbly
for engagi ng an anchor assenbly in accordance w.th
anot[peR2] drigodiise fiton view ef thecengagemgniassembly potheo]

Cr 0SS; se tional view of the tube support
el’a‘%‘?filfﬁ?nfg% cl -Y in Figs. 1 and 2; [0020] Fig. 4
IS a Cross- sectl onal view of the tube support devi ce
t akdf023l drig. Gisn idervigw of » warintioniohe pngagpmentjagsembly of
vii ew of the. agenent assenbly of the enbodi nent
thgﬁgﬁg@d}rﬁelﬁsélovspm[ g} Fig. 6 is a front view of the
engagenent assenbly of the enbodi nent shown in Fig,
[ 0028924FiKjg. & is a feong vépw of the wigagemgnt agseBbly shewe in Flg 7,
engagenment assenmbly of the embodi ment shown in Fig. 1;

[ 0026925F Kig. 8 i3 & shlefa vivly of #vaditidhef hegagagantnt assembly of
assenbly shown in Fig. 7; [0025] Fig. 9 is a side a

the embogimantshoven iokige?; t he engagenent assenbly of the
enmbodi nent shown in Fig. 2; [0026] Fig. 10 is a front
Vi evyoede] tiig. &0 dng Gromnicas of i shgabemeni assEindly Shown in Fig.
[0027] Fig. 11 is a side a view of a variation of the
9;engagement assenbly of the enbodi ment shown in Fig. 2;

[0027] Fig. 11 is a side a view of a variation of the engagement assembly

of the embodiment shown in Fig. 2;

[0028] Fig. 12 is a front view of the engagement assembly shown in Fig.
11;

[0029] Fig. 13 is a schematic view illustrating the positioning of the tube

support device located in a tube bundle having a triangular configuration;

[0030] Fig. 14 is a schematic view illustrating the positioning of the tube
support device within a tube bundle at the time of insertion of the tube support

device in the tube bundle; and

[0031] Fig. 15 is a schematic view illustrating one possible position of the
tube support device within the tube bundle after the tube support device is

rotated to a desired location.

Detailed Description of Preferred Embodiments

[0032] The heat exchanger includes an array of elongated tubes or rods 1
arranged in a bundle. As shown in Figs. 14 and 15, each tube or rod 1 preferably

includes a first elongated linear section 11 that extends along one side of the



[0028] Fig. 12 is a front view of the engagenent
assenbly shown in Fig. 11; [0029] Fig. 13 is a
waehenetedE view il lustrating the positioni ng OPCT/H82006/040422
tube support device located in a tube bundl e having a
triangular configuration; [0Q30] Fig. 14 is a
schematic view illustrating the positioning of the
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c erally much stiffer than the tubes 1 that are
]Igg{ci)aé'

ed near the exterior of the bundle. The outer
re susceptible to vibration and chatter.
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elosgaigd dnbesppay peisaparatddebypa defined tube lane or spacer lane or a less

defined space. The less defined space may occur when the tube support is
retrofit into an existing bundle of tubes where warping or deformation of the
tubes or rods may have occurred. While the present invention is described in
connection with tubes, it is not intended that the present invention be used solely
with cylindrical, hollow tubes. It is intended that the present invention may be
used in with hollow or solid rods or tubes. Furthermore, the tubes are not
limited to a circular cross section; rather, it is intended that the tubes or rods may
be square, triangular or have any other suitable configuration. The overall length
of the tube support device may vary based on the size of the tube bundle and
how well the space or spacer lane between adjacent elongated members or tubes

is defined.



[0033] The tube support device or stake of the present
invention is arranged to provide direct support for
webengateesl t ubes, rods, pipes or the |ike thatPEr/ES2006/040422
adj acent to one another but separated by a space in
t he bundl e. The el ongated t-dbes nmay be separated by a
defi ned tube | ane or spacer | ane qr a | ess defined
spad@034THa thlassunnert desdce BB dr anegydarceuwit rPnEﬂPﬂéiltT\?BEOf the
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prefabblyfermeé siomh aistye of imwtall(e. gu,Sﬁ@inmls stegl)wwihiich will resist
cylindrical, hollow tubes. It is_ intended that the
cqm’qsmm Theolongnied siwip 28 enqls\das P @lwahw loiomspigiube gngeging

meg srsé’i% o §ha 2l LILIR eBading mepbes B Melndsks TobS o
4 ucs 33L 2bYbes: ol 558%6 coﬁ?el a8 whic hﬁ] gy !&%ﬁr ?faposmg

din
any "ot her ’sui't ab i'gurati on. € overa
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tubB %ng&%]ﬁ%%ﬁ&ﬁgéﬂ@%x@i&%&n%&‘h @éo%oc)f thelstge2 1 Wéngége an
el onga corrugations 24a, 24b, 24c, as shown in

adjagmit ibeahchsdhow intFigr bj dhe dimrrmopp of thegtubie d#agadginghe
strip 2 1. Furthernore, the tube engaging nmber may
mepderrd@asyae r Eopexamplies the ousrald el Rt H}%%E@@na%ng
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tend to be stiffer. It is contemplated that the tube engaging members may have

—

various configurations provided that the tube engaging members are sized and

shaped to contact at least one adjacent tube.

[0035] The present invention is not intended to be limited to the tube
engaging members illustrated in the figures; rather, other forms of tube engaging
members are considered to be well within the scope of the present invention
including but not limited to laterally extending corrugations, as taught for
example in US Patent Application No. 11/253,815, filed on October 20, 2005 to
Rudy et al, entitled “Anti-Vibration Tube Support” and US Provisional Patent
Application No. 60/630,010, filed on November 22, 2004, entitled “Anti-



Application No. 10/848,903, filed on May 19, 2004 to
Wanni et al., entitled "Anti- Vibration Tube

wEappostes3 * t he di scl osure of which is incorpoP@r/E82006/040422
herein specifically by reference. In each row of tube
engagi ng nenbers, at |east -dhe tube engagi ng nenbers
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nmenbers are consi dere e we In the scape’o

ditdlesyre @fevitich ivcbiporatet Gpucificgl P htreip by lreforéest. tWhen no
| ateral |y extending corrugations, as taught for
tubg eAgAgIng manshera renpreapipl idkmepioof the/sbdp 28 15 sudh thetithe
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thé Bit§N21.0Mhe $an26 mdyt B afftkedaohbe §Qig 2 by &ekldingt BEthe use of
is contenplated that the strip 2 1 nmay contain

riyeds of ofier swisable dasteners ohil theatryp Llpthedtagbgr 26 is formed from
menpbers, .as disclosed for exanple .in Pat ent )
2 RGIPIAL Bt oS 15 ST08les: 119 Bk VR 2oisteinidigesytigs s
. titled tALLL -\ .
peb el b G PR G MR A0 e L The b
265meRidek @alapkrthRy 27 foried BERIIL NsSShoWieh Figs13/88d 6. The
engagi ng nenbers are present, the thickness of the
apsttnte2 2 1slsized tuskeiviedhe ahehatassgmBlyll 4 @stshows infig. 2.

adj acent be t rovi de the necessar upport and
Engajgement 0;‘ th1e ﬁat]bar 36'%&7ith the anchor assembly 1¥1 t%oggh the aperture

27 secures the support device 20 to the bundle. The flat bar 26 has a tapered end
28 to facilitate the location or insertion of the support device 20 between the
tubes 1. A variation of the flat bar 26 is illustrated in Figs. 7 and 8. The aperture
27 is replaced with a slot 29. As shown in Fig. 8, the slot 29 has an open end
adjacent the end of the flat bar. The open end preferably has an outward taper to

aid in the locating of the support device 20 on the anchor assembly 14.

[0037] The engagement assembly 25 having aperture 27 is well suited for
new bundles where the support device 20 can be secured to the anchor assembly

14 during the assembly of the bundle. While the engagement assembly having a



deflection to elimnate vibration and chatter. [0036]

The tube support device 20 includes an engagenent
wa@sz®enileys 25. The engagenent assenbly 25 i ncl uPEBUS2006/040422

flat bar 26 that is affixed to the end of the strip 2

1. The bar 26 may be affixedjgo the strip 2 1 by

wel di ng, or the use of rivets or other suitable

slat2%isalso well saited éorsdew pudles,tthe sidt@9 ibatsomited for

formed froma material that is resistant to corrosion.

refiefifting exjstingunties.a Asshorvieistight, the tabesennest device 20 is
A0t R R e A a0 TRt point of
tﬁ@Ufﬁgalpghgf%ﬁlﬂgmrﬁ& 3@9"?‘1‘1&:' gl'é%&ﬁe @as@&ﬂhgfr 29 Iikeenrgoalggd with the

apertu Sl zed to rec e the anc asse

ahéhomassembiv 14.n The gub&suppogipdmries20 ¢f theheaofdted abait tBSaxis of
with the anchor assenbly 14 though the aperture 27

te guehas assamblypliota a desiteddootian as sbowarfar exampls inikig. 15,
S0 PR R SRR IE PRt A B ot 675 Hhe,
i adonck AAIGE SO LR 05l BE AR A e

aS'sﬁbwﬁ&'oréﬁalﬁbR:ViﬁFig. f3g. 8 the slot 29 has an open
end adj acent the end of the flat bar. The open end
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ot Jor8| Dt &2 utotBh dpeRRfth, Sl Sphrbaf plS RS
t€1983rrily RepaaRAHe HEftccASRBED I ¥udk A \thd Suiet d&vi6e 20 can be

is well suited for new bundl es where the support
inssrieddep@eemthehimbes ¢ uQuntettbe stppahdendce 29d5e miseyted Athe spacer
during the assenbly of the bundle. Wile the
b@ﬁﬁ%gﬁéﬂﬁoﬁi embly having aslot 29 is also well

suited for new bundles, the slot 29 is also suited for

r et r 400381 i/ tpbeduppioriglaviced? @i ackorddnwarwitih afother ¢dbodiment
t he tube support deyice 20.is preferably jnserted int

of i BissaMEngEntion B3 fPBbedFss G i somﬁ%otkoaln‘ﬁgﬁ? igbilng and
of ' P

RO SURRSAERRRS PR 82 ah oA FABROATE e clpnoted
striye 21 4P PreFeaBBY forfRMi e Astiip ofiedtal @&l sidireRWted})Svhich
axis of the anchor assenbly 14 to a deSired | ocation,

vaidl rebistworirosiorx hulpd theisuppoy . device () die supptort ddsdse 30 includes

def |l ect desired distance to_elipm nate vibration .
Hradity ohzewe f tube engagingimsmpber ,&33@ aed 2dp pldia tube engaging

b ES Y ik Lo SEE G e LS 4988, 55E &UWRSHnlin Figs. 2 and 3,
which project from opposing sides of the strip 21. The tube engaging members
may also include rows of elongated corrugations 24a, 24b, 24c, as shown in
Figs. 2 and 4, which project from opposing side of the strip 21. Furthermore, the
tube engaging member may include members 23, which include both dimples

and corrugations, as shown in Fig. 2.

[0040] The support device 30 differs from the support device 20 because
the engagement assembly is integrated into the strip 21. Instead of securing a
flat bar 26, the extension which forms the engagement assembly is formed from

an extension 36 of the strip 21. The extension 36 may include an aperture, as



as shown for exanple in Fig. 13. [0038] During the
insertion operation, a rigid spacer bar may used to

W eposmnl |y separate the adjacent tubes 1 sucPCT/081006/040422
the support device 20 can be inserted between the

tubes 1. Once the support dg%g ce 20 is inserted, the

spacer bar can be renoved. [0039] A tube support

. - . .
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asishbwhiigFig.112 shddidcdssed AboveiecauRREbA \ﬂfh’él.&ﬁ)&pdevice 20.

i ncludes an el ongated strip 21. The elongated strip 2

Thejsyppertidevigsl 30 Bdnsastediinarmansersimilof tovtitabdegaribyd, above in
st ai nl ess. tﬁﬁl{’,‘?’ which will resist corrosion. Like
cg)ﬂléecg{?ap\gpﬁs 1t devige 20ne support device 30 incl udes

a plurality of rows of tube engaging nenbers 22, 23,

and H0P41irhe ordasdo argyaaserthe thickeess ofdbe extchsive Itomhdhat the

di ppl 2 2 2 I, igs. 2 and 3, s
R3S 55 S7Beantily 156 Sty on dh ehesnis betdhsendhs FibesiL, adigional
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P AR IB Dot S G HieRsloRfy, A shvm in Figs
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strip 21. Furthernore, the tube engagi ng nerber magl

uping|rikess aoitber suitdble fstarters.ncl ude bot h di npl es and
corrugations, as shown in Fig. 2. [0040] The support

devi @430 TefthiekBesdsioNthé BLteRSRADE ma§ viFoMchasad _Bg folding
t he engagenent assenbly is integrated into the stri
oyar. the ead eddhe stripeZly rais shownfih &g Har 1148 contempiated ihatcthe
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wi th support device 20. The support device 30 IS

I4nserted in a manner sinilar to that described above
in connection with support device 20. [0041] In order

to i mosxaThe ehtbodith6iie WsclGedHtPeifd:8 WHIPHIRY oY tBEgl

that the thickness is substantially the sane as
restpagutey anditviengulahtibeudvasigiratinai (Thenabe support devices are also

well suited for use in bundles having 30 degree, 45 degree, 60 degree and 90

degree layouts.

[0044] The tube support devices 20 and 30 may include an aperture 5
formed in one end thereof. A metal band or cable may be inserted through the

aperture 5 to secure the outer portion of the support devices to the bundles.

[0045] 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 tube support devices, provided they come

within the scope of the appended claims and their equivalents.



pl ates 37 may be added to opposing sides of the

extension 36, as shown in Figs. 11 and 12. The
weangicon 36 and plates 37 may be wel ded t ogeP¢EUSIING/040422

joined using rivets or other suitable fasteners.

[0042] The thickness of the_gxtension 36 may al so be

i ncreased by fol ding over the end of the strip 21, as

cGhams:n Fig. 9. It is contenplated that the thickness

“and strffness may be further increased by inserting a

pl ate between the fol ded portions 36a and 36b of the

extensi on 36. The folded ext ensi on may include an

aper tur tghe sippogh devige fosatbe jundle heving s pburality ofelongated
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[0044] The tube support devices 20 and 30 may incC ude
#¥Saperture 5 formed in one end thereof. A netal band
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locatddeidtoesn adjacbet ﬂm%&)ﬂ/ulbxhgméd tigReaf addig fromthe
scope of the present invention. Thus, it is intended

t hat 2R BBgggcsatassamlytiooned onems endeofithe itibecsatpportsdevice,
nd.variations of the tube evj ces, provided
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1. A tube support device for
a%s,@fd&‘tl)%%g ﬁ{b\%'lbngﬁ év?l urality of elongated tubes,
wher ei n the pI urality of elongated tubes are arranged
in rows of elongated nenbers, and an anchor assenbly,

t he 2uldedubpsuppattdediece amqndmgl toglaian 1 ghegén db anchor
dinally e tend| n% strjp havi n%ha pair of
a%swgiy Havmg@é)sanc or assembly axis, wherein the engagement assembly

secures the tube support device to the anchor assembly while permitting the tube

support device be rotated at least partially around the anchor assembly axis.

3. The tube support device according to claim 1, wherein the engagement
assembly comprising an aperture formed in one end of the strip, wherein the

aperture being sized to receive the anchor assembly therein.

4. The tube support device according to claim 1, wherein the engagement
assembly comprising a slot formed in one end of the strip, wherein the slot being

sized to receive the anchor assembly therein.

5. The tube support device according to claim 4, wherein the slot having
an open end, wherein the open end is tapered to facilitate insertion of the anchor

assembly into the slot.



a plurality of tube engagi ng nmenbers extending from

the pair of opposing faces, wherein the tube support
walea70€7603 si zed such that the support devi ce PGI/US2006/040422

| ocat ed between adj acent rows of el ongated tubes; and

an engagenent assenbly fornpg_on one end of the tube

support device, wherein the €ngagenent assenbly is

adapted to sel ectively engage the anchor assenbly

wi thin the tube bundle. 2. The tube support device

accobdiTig tube slppdrt Eevibacesrdidd® cAaighe! whsfanhd engagement

havi ng_an anchor assenbly axis, wherein the engagenent
asserhip iy farmndrieonetendtafitbe strjfiport  device to the anchor

assenbly while permtting the tube support device be

rotated at |east partially around the anchor assenbly
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being sized to receive the anchor assenbly therein. 4.
thivlenass,bwhewgpptiet engagementassembiynis foomet dn thelareatodimireased
t.&g_l engagemnment assenbly conprising a slot fornmed in
thigknessd of t he strip, wherein the slot being sized to
recei ve the anchor assenbly therein. 5. The tube

support device according to claim4, wherein the slot

havi 89 THR tABE Busiitft d¥18E 8Edbrihe: BREAINS M fjrehel %teﬁ{pt‘fﬁieﬁgoan

facilitate insertion of the anchor assenbly 1nto

extension sedired tolkiwe strippohtrae dicengapentet Agehibly iafomiked in the
wher.ei n t he engagenent assenbly Is forned in one end
e¥Engipe. strip. 7. The tube support device according to
claim®6, wherein the strip adjacent the one end is

fol ded over onto itself to forman area of increased

thi céngsg u¥daiRIot Mﬁc@ﬁgﬁggﬁxg‘(}gsﬁﬁg‘f%ée{ea%{e}%é]‘?g%gement

in the area of ‘i'ncreased

assambly comevising acamrtlire fotnsed-inaéme dnd dLiheltension, wherein
conprising an _extension secured to the strip, wherein

theapeEHEbRIng sizedde aneniye the ansher assemblyigherein.

10. The tube support device according to claim 8, wherein the
engagement assembly comprising a slot formed in one end of the extension,

wherein the slot being sized to receive the anchor assembly therein.

11. The tube support device according to claim 10, wherein the slot
having an open end, wherein the open end is tapered to facilitate insertion of the

anchor assembly into the slot.

12. A tube bundle device comprising:

a tube bundle having a plurality of elongated tubes;

an anchor assembly located within the tube bundle, wherein the plurality
of elongated tubes are arranged in rows, each elongated tube is substantially U-

shaped having a first elongated tube portion that extends along one side of the



extension. 9. The tube support device according to

claim8, wherein the engagenent assenbly conprising an
w@p@roumses f ormed i n one end of the extension, MEUS1006/040422

the aperture being sized to receive the anchor

assenbly therein. 10. The tibe support device

according_to claim8, wherein the engagenent assenbly

tubehpndle »§)-herd pertioy pad aisacenbelongatsd PtOﬁ'éOIeﬂtaé ﬁgte@ds along

anfl5E S s PR bR B S 1568 nea
ad_z&gﬁfg\jﬁr@_gegd Aifhlfhg Wherein the slot having an open
na,

erein the open end is tapered to facilitate

i nseit i¢ashoné tibessuppottatevices eielein ieatlo tibeesuppott device A
tube bundl e device conprising: a tube bundle having a
copiiising’ty of el ongated tubes; an anchor assertbly

| ocated within the tu nd el.nthe. ralit

of * Bislotid forlgihdighds, at#%mb 1 hine ot Gfposing

@% songat ed tube is substantially Ushaped having a first
bngat ed tube portion that extends al ong one side of

t hetaulardin &t Qub@eﬂ%a@ﬂ@nﬂ@ﬁtﬁewékteﬂ@ﬂg&"r@ﬁ(m@ @air of opposing
el on ted ortion that extends al ong anot her side o

fagase thbe, suphertaieniacte staedisoch dsaééh@tsqppmt device is
[ one acent the U ben orti o and at | east
lo %2%“9 %ﬁ?ﬁ%%@%a%‘we elo%g@t'egtﬁ %@H tube support
devi ‘ﬁ% %%g&@reﬁt %em@ ?Arﬂ{é%,a&n gl?é Q0L HELl Jslsée{%port device,

ext en a pair opp03|ng

witréinathe tehg@éerhéthﬁas@étﬁbgﬂ Sk aBBIRRY shchuk 88dhikdyf rom t he
pair of opposing faces, wherein the tube support

device is sized such that the support device is
i gl hedlh G750 oLcnglo SRRl e o
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engage
secures the tube support device to the anchor assembly while permitting the tube

support device be rotated at least partially around the anchor assembly axis such
that the tube support device may be properly located within the U-bend portions
of the elongated tubes.

14. The tube bundle device according to claim 12, wherein the
engagement assembly comprising an aperture formed in one end of the strip,

wherein the aperture being sized to receive the anchor assembly therein.

15. The tube bundle device according to claim 12, wherein the
engagement assembly comprising a slot formed in one end of the strip, wherein

the slot being sized to receive the anchor assembly therein.



13. The tube bundl e device according to claim12,

wherei n the anchor assenbly having an anchor assenbly
W@z2003/047bEr ei n t he engagenent assenbly secur esPCTIES1006e10422

support device to the anchor assenbly while permtting

the tube support device be-dbtated at |east partially

around t he anchor,_assenbly axis such that the tube

suppkrt T tibedunde devige aprarfing tocdaiay 194 Whessin the slot
U bend portions, of.the el gngat.ed tubes. .14. The tube
hagiieiig o) b€ Eaint e el R ramesed i e litaEiRgbriot of the
conprising an aperture forned in
zm%ﬁg?%%d 0 y?ﬁgQg?éy%, wherein the aperture being sized
to receive the anchor assenbly therein. 15. The tube
bundl e device according to claim12, wherein the
engalgenbit tubsdumgle devigp acerrdingsfogilaim 12, whercimthsne
end of ghe sgk;ﬁ, wherei n the sIg% eing sized to
engagangrt 35emahcidrrmed ngpy endh of & SHB: “The tube
bundl e device according to claim15, wherein the sl ot
havi ng an open end, wherein the open end is tapered to

f acilg. tBhetubetrmdiodedte hb@raingtorclas EMbliereit theldi€p
slot. 17. The tube bundl e device according to claim

adjarentwhsr anerendnis feldgdaguier onteissadftal fprinsarf aneaed inereased
end of the strip. 18. The tu hundl e devjce accordi ng
i3, PYREToin t5, BRGAFTHORE ASRRLLY Al OBk Iy HE AEsfco mdraased

th%ﬁh d over onto itself to forman area of increased
I'ckhess, wherein the engagenent assenbly is forned

in the area of increased thickness. 19. The tube

bundl e device according to claim 12, further

conpdi sTheytudne bemodbéndédoe semuding toelaie1 2t further edvapeising an

t he, engagengnt assenbly is fornmed in the extension. .
exmﬂon@cgmﬁt%bﬁ §hep. Jeigrem t&s&agag%em@swafvlﬂ isdormed in the
exﬁ&gkgin t he engagenent assenbly conprising an aperture

0 d in one end of the extension, wherein the
aperture being sized to receive the anchor assenbly

20. The tube bundle device according to claim 19, wherein the
engagement assembly comprising an aperture formed in one end of the
extension, wherein the aperture being sized to receive the anchor assembly

therein.

21. The tube bundle device according to claim 19, wherein the
engagement assembly comprising a slot formed in one end of the extension,

wherein the slot being sized to receive the anchor assembly therein.

22. The tube bundle device according to claim 21, wherein the slot
having an open end, wherein the open end is tapered to facilitate insertion of the

anchor assembly into the slot.



therein. 21. The tube bundl e device according to claim
19, wherein the engagenent assenbly conprising a sl ot
wo eoomed’edh one end of the extension, wherein tPET/BEEW06/040422
bei ng sized to receive the anchor assenbly therein.
22. The tube bundl e device-d&cording to claim 21,
wherei n_the sl ot having an open end, wherein the op
end %3s ThpBbedundle é%\flw pegosds nﬁ§@r¢ﬂﬁlﬁh1%fwhﬁélfhﬁ7@ﬁﬁbe
| ot . 23. The tube bundl e device

bui‘?@%&%‘fyf‘glﬁ%ﬁ%aft??%ﬁﬁi‘%efmerei n the tube bundl e device

is a heat exchanger. 24. A nethod of reducing
vibration in a heat exchanger having a tube bundl e,

wher2di, nA trhethbd o€ rbduniihe vibeati giba hbatreXichangedthaving a tube
el ongat ed tubes and an anchor assenbly |ocated wthin

bundie, hisseipithe hehe bunslle havingea miumlety |Of>¢1®fga€@d)%l@a$ aad an

S ar

ang SR 1oy f@ﬁggbal 8 foe SaMlerhome, et it o6
el%&%@ﬁb‘é? %xfeb 'nQ'b%?%afHﬂeeléh%ﬁe&’ tue§ shﬂgﬁntl%l Iy U-

ortion at ext ds over an

hdlidg adfirdt elongsedduld podivnatiapaiténdyalbhgionexid sihe
ong anot her side of the tube bundle, the nethod

tub@)hmdlg; agl-bend poitiog thet ¢txdends oves anancheupssemblylcnidoe

SRR 5 ek LSRGt P b,

senbly, wherein the anchor assenbl y
mﬁ%d%ﬁ@gfsgﬁhor assenbly axis; and rotating the tube

sup ﬂ@dﬁdtlr@%tll%t ahetibd ﬁ@p@mc@ﬁmh )&dﬁ?@eﬁt #oWs of the

position with the tube support device in a desired
el(brtgaﬁdmbebmt&meld -tegtidgetion;el ongat ed tubes in the

U- bend 25. The nethod of reducing v ratlon
acc&PER gtia ths sHppart %Yé«‘reewﬁhéé% &ortaﬁ@ena b ¥heremn the

el ongat ed
anf oA R bl o B SER : aBapr ot
OpP@stafieig the tube support device about the anchor assembly axis to
position with the tube support device in a desired location between adjacent

elongated tubes in the U-bend portion.

25. The method of reducing vibration according to claim 24, wherein
each of the at least one tube support device comprising:

an elongated longitudinally extending strip having a pair of opposing
faces;

a plurality of tube engaging members extending from the pair of opposing
faces, wherein the tube support device is sized such that the tube support device
is located between adjacent rows of elongated tubes; and

an engagement assembly formed on one end of the tube support device,

wherein the engagement assembly engages the anchor assembly.



faces; a plurality of tube engagi ng nenbers extendi ng
fromthe pair of opposing faces, wherein the tube
WG apposteozievi ce i s sized such that the tube sSupEDDS2006/040422
device is | ocated between adjacent rows of el ongated
tubes; and an engagenent assenbly fornmed on one end of
t he tube support device, wherein the engagenent
ass &bl Themgyetof teduainghdbratiosecbondi®g to dlaam st mdetreifn the
reduci ng vi bratjon according to claim25, wherein the
engAERY ST RE DIy AReE i COTIGh i Quer Bk ghe e e

deQIF t he tube support device. 27. The nethod of reducing
VISt ati on accor di ng to claim?25, wherein the

engagenent assenbly is a slot formed in one end of the
t ube support devi ce.

27. The method of reducing vibration according to claim 25, wherein the

engagement assembly is a slot formed in one end of the tube support device.



