ANTI - VI BRATI ON TUBE SUPPORT Field of the Invention

[001] This invention relates to tube support devices,
woameity7referred to as tube stakes. The tubepreuuses/ 042177

devices are installed to control flowinduced

vi bration and prevent novenent of the tubes or rods

within the bundle. The tube support devices nay be

retrofitted into existing tube or rod bundl es or

installed in n tion is

useful with tupge u“gé§§”ﬂ£ﬂ§Q§@§EQ§EPP§L.o, cool i ng
towers, steamgenerators and simlar fluid-handling
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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 of tubes or rows of tubes,
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 rows).



tenperature and density of the fluids which arise as

the fluids circulate within the heat exchanger nay
woives/osiwe to flow i nduced vibrations of an osecirist@sy42177

nature in the tube bundle. If these vibrations reach

certain critical anplitudes, damage to the bundl e may

result. Tube vibration probi2ss may be exacerbated if

heat exchange equi prment is retubed with tubes of a

different material to t or i gi nal bes, for exanple,
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and bottom surfaces of the channel is the sane as the
withetithex tizasfardakiadjpdament rows in the tube bundle

i.e., substantially the same as the tube |ane
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msotvglmréln F 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., 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 segment of a tube
at the periphery of the tube bundle so as to lock the stake in place in its
appropriate position between the rows in the bundle. Stakes of this type are
typically made of a corrosion-resistant metal, for example, type 304 stainless
steel with a thickness between 0.7 and 1.2 mm to provide both the necessary

rigidity for the staked tube bundle as well as sufficient resilience in the U-shaped



steel with a thickness between 0.7 and 1.2 nmto

provi de both the necessary rigidity for the staked
woubm/oswedl e as wel |l as sufficient resilience POTISE005/042177
U- shapedchannel to allow the stakes to be inserted

into the | anes between the tubes in the bundle. [005]

Anot her form of anti-vibratidn tube stake is described

in US. Patent No. 4,919,199 to Hahn which discloses a
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Saddles are formed in the open ends of the V-shaped cross section to 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.

[007]  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



paral lel to the stake. A different problemexists wth

the design shown in U S. Patent No. 5,213, 155:
wealudesmsgds7t he t ubes in rows encircled by the Upeinalsems/ 42177

stakes are fully supported, the tubes at the periphery

of the tube bundl e whichare not directly encircled by

one of the stakes i.e., retaftmed within one of the

cl osed ends of the U shaped stakes (these are the
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Summary of the Invention

[0091 According to an aspect of the present invention, a tube support device or
tube stake which is useful to mitigate the possibility of tube damage from flow-
induced vibration in tube bundles or rods comprises an elongated member or
strip which is intended to be inserted in a tube lane between the tubes or rods of
a tube bundle in a heat exchanger, condenser, cooling tower or other tube bundle
device. Raised-tube-engaging zones are disposed along the length of the strip;
these tube-engaging zones are formed by transverse corrugations which extend
laterally out from both faces of the strip, away from the medial plane of the strip,
to engage with tubes on opposite sides of the tube lane into which the stake is

inserted. The raised-tube-engaging zones may be located at successive



t hese tube-engagi ng zones are forned by transverse

corrugations which extend laterally out from both
woOaswssoie7t he strip, away fromthe nedi al pl anecwofuskdvs/42177

strip, to engage with tubes on opposite sides of the

tube lane into which the stake is inserted. The

rai sed- t ube- engagi ng zones May be | ocated at

successi vel ongi tudi nal | ocations or substantially
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e P the top and bottomrollers of the set) to form

the rai sed zones op_the strip. Many of .t he known ty%ﬁs
[081] t uddeduhk stakes okithediresent inpRon may be conveniently'a

inexpensively fabricated by pressing with dies equipped with suitably arranged
protrusions and cavities to form the corrugations or other forms of tube-engaging
zones or by the use of pairs of rollers which have protrusions and cavities
(alternating between the top and bottom rollers of the set) to form the raised
zones on the strip. Many of the known types of tube stake, as discussed above,
for example, do not lend themselves to this economical and convenient method

of fabrication.

[012] It is an aspect of the present invention to provide a support device for a
plurality of elongated members. The plurality of elongated members are

arranged in rows with spacer lanes separating adjacent rows of elongated



for exanple, do not |end thenselves to this econom cal

and conveni ent nmethod of fabrication. [012] It is an
wepsais7wl the present invention to provide a BUPWSRE05/042177

device for a plurality of elongated nenbers. The

plurality of elongated nenbers are arranged in rows

Wi th spacer |anes separatindg adjacent rows of

el ongat ednenbers. It is contenplated that the
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strip to temporarily engage the strip for locating the strip within the spacer lane.

[013]  Itis another aspect of the present invention to provide a tube support
device for a tube bundle having a plurality of elongated tubes. The plurality of
elongated tubes are arranged in rows with tube lanes separating adjacent rows of
elongated tubes. The tube support device may include an elongated longi-
tudinally extending strip having a pair of opposing faces. The strip is adapted to
be located within one tube lane. The strip has a plurality of sets of transverse
corrugations located at successive longitudinal locations along the strip. Each

set of transverse corrugations may form at least one tube engaging zone



device for a tube bundle having a plurality of

el ongated tubes. The plurality of elongated tubes are
weano@nged7i n rows with tube | anes separati ng agCawsmios/ 042177

rows of elongated tubes. The tube support device may

i nclude an elongated longi tudinally extending strip

having a pair of opposing faées. The strip is adapted

to be located within one tube | ane. The strip has a
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Bdief Dgsertiption RE the Praswiingsand wherein: Fig. 1 is a
schematic view of an anti-vibration tube support
[035T angee ResNRRIWIID now bibésscribed i eohae@ldnewith the following
arrangement heat exchanger according to an enbodi nent
dofvingen pvhask hike ireferendeonymdtialy. degigrata like wtaragnts anil avherein:
of a variation of the anti-vibration tube support of

ig.. 1, and . . e
F{:g% isa scﬁematlc view of an anti-vibration tube support arranged between
four tubes in a rectangular arrangement heat exchanger according to an

embodiment of the present invention;

Fig. 2 is a schematic view of a variation of the anti-vibration tube support of Fig.
1; and

Fig. 3 is a schematic view of an anti-vibration tube support arranged between
three tubes in a triangular arrangement heat exchanger in accordance with

another embodiment of the present invention.

Detailed Description of the Invention

[016] The tube support device or tube stake of the present invention is

arranged to provide direct support for tubes or rods or pipes which are adjacent



Fig. 3 is a schematic view of an anti-vibration tube
support arranged between three tubes in a triangul ar
weano@ngessent heat exchanger in accordance w t hpamwiSb®s/ 042177

enbodi nent of the present invention. Detail ed

Description of the Invention [016] The tube support

device or tube stake of the-fBresent invention is
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entto er but on
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not be possible to insert the stakes all the way across the bundle. In such cases,

it may be possible to insert the stakes into the bundle from different angles along
the length of the bundle in order to provide as much support as possible for the
tubes. Thus, the stakes will be inserted transversely into the bundle at each axial
location in an angularly variant direction (at a different angle in the transverse
plane of the tubes) from the direction of insertion at the next axially adjacent
location. This may, however, leave the tubes without staked support in some
parts of the bundle, normally in the middle of the bundle where access from the
periphery is precluded. In view of their simple and repetitive configuration, the

present tube stakes may be readily cut to the desired length to fit the bundle,



the length of the bundle in order to provide as nuch

support as possible for the tubes. Thus, the stakes
woizbde/oseernsert ed transversely into the bundl epatr/usamb/o42177

axial location in an angularly variant direction (at a

different angle in the transverse plane of the tubes)

fromthe direction of insert?en at the next axially

adj acent | ocation. This may, however, |eave the tubes
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across the tube bundle. Tube stake 10 has tube-engaging zones 13,14,15,16
formed by transverse corrugations, which extend alternately out from the two
faces of the strip. A first set of transverse corrugations 11 extends out from faces
10A and 10B of the strip to engage with tubes A and B while a second set of
corrugations 12 extend out from faces 10A and 10B of the strip to engage with
tubes C and D. Successive sets of corrugations will be formed at other locations
along the length of the strip to engage in a similar manner with other opposing
tubes at their respective locations. In the first set of corrugations, the tube-
engaging portions are formed by the tips or extremities 13A, 13B of the
corrugations on one side of the strip 10A and the tips or extremities 14A, 14B on



across the tube bundl e. Tube stake 10 has

t ube- engagi ng zones 13, 14, 15, 16 fornmed by transverse
woaoosgadsr ons, whi ch extend alternately out fregrTiuse0s/042177

two faces of the strip. Afirst set of transverse

corrugations 11 extends out fromfaces 10A and 10B of

the strip to engage with tud€s A and B while a second

set of corrugations 12 extend out fromfaces 10A and

10B of . the strip to engag .t h b C and D..
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_on one side of the strip 10A and the tips gr
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present invention is not intended to be so |i

e
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No. 10/848,903 to Wanni et al. entitled ’
[oigynt i ”I’ﬁbﬁﬂa’t’dih%’ of TubeafRpw fow's dheisedntubet ngasingdzades on the
are incorporated herein by reference. For exanple,
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ey i hecube By et Ob L Bo Sy B Bl rmgations
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of tubes in the bundle. Itis contemplated that the corrugations may run
substantially the entire length of the tube stake 20, as shown in Fig. 3. Such an
arrangement is particularly useful when the spacer lane or tube lane is not clearly

defined.

[020] Typically, the total depth of the corrugations from one tip to an opposite
tip will be from 0.5 to 2 mm, preferably 0.5 to 1.5 mm, greater than the spacing
between the tubes at the point where tube engagement occurs so that a tube
deflection of similar magnitude is achieved at this point. Itis contemplated that
the height of each corrugation may vary. The exact deflection achieved in

practice will be less than the total depth of the stake because the tubes nest into



may be increased or decreased correspondingly,

consistent with the arrangenent of tubes in the
wouoals7oelt i s contenplated that the corrugati egs/usR05/042177

run substantially the entire length of the tube stake

20, as shown in Fig. 3. Such an arrangenent is

particul arly useful when thdlspacer |ane or tube | ane

is not clearly defined. [020] Typically, the total
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the tubes nore resistant to vibration but also retain
unswpperttad subm(i. aden not supported by a stake on the opposite side) from

its rest position with a minor tube deflection, typically about 0.5 to 2mm. This is
a feature of the present type of stake which permits the use of a smaller number
of stakes than has been customary, typically, about 50% fewer than would
otherwise be needed. One advantage of the present type of tube stake is that
relatively wide tube lanes can be accommodated without deep pressing of the
strips since about half the tube lane dimension is taken up on each side of the

strip.

[021] In addition to the total depth of the stake, the thickness and stiffness of
the material of the strip will be factors in fixing the final tube deflection when
the stakes are inserted into the bundle. Normally, a strip thickness of from 1 to



in the bundle. Desirably, the total depth of the

t ube- engagi ng zones (the tip-totip distance including
webkoiepstdsrckness is sel ected so that each stakecT/us2005/042177

defl ects the unsupported tube (i.e. when not supported

by a stake on the opposite side) fromits rest

position with a mnor tube d&¥4ection, typically about

0.5 to 2mm This is a feature of the present type of

stake which permts the use of a smaller nunher . of )
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may be inserted into the tube lane between the tubes and pushed or pulled into
place until engagement with the tubes on both sides of the tube lane with
retention of the stake maintained by the elasticity of the metal and by the tube-

engaging zones on the stake.

[024] When the tube support stakes are inserted into the tube bundle,
corrugations forming the tube-engaging zones have to be pushed or pulled past
the tubes until the stake is in its proper place in the bundle. A spreader bar may
be used to temporarily increase the space between the tubes to aid in the
insertion of the stakes 10 or 20. Each set of corrugations has to be pushed or
pulled through the gap formed by the tube lane until the stake is in place.
Pulling the stakes into place is a useful option with this type of stake since the



including plate thickness) wll typically be smaller

than that for the rectangul ar arrangenent but the sane
weannes7el t ube defl ection is suitable for adeguatus2005/042177

tube support and stake retention. In the same way as

descri bed above, the tube stake may be inserted into

the tube | ane between the t-uBes and pushed or pulled

into place until engagenent with the tubes on both

sides of the tu | gne with retention of the stake .
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strip with an el ongated tensioner which can be
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at the end of the strip or a hook forned on the_end_ of

pullingsfor¢epomtheryalks ayitienters the hurdlad Berpese tgdoiah depihesf the
tu lilai etnagglg%/ngbz%n%s Qtlillla-ltlo-ntﬂ), 5 u&{ntghplgteht%?cli(%%ss nlg p(r)éfe?ably slightly
greater than the width of the tube lane, the tubes have to bend slightly to let the
corrugations pass; although this maintains the stake in place when it is in its final
position, it makes insertion that much more difficult as the resistance to bending
of each row of tubes has to be overcome. The stake used with the rectangular
configuration is generally easier to insert than the stake used with the triangular
configuration because the second type of stake has the corrugations at closer
intervals along the length of the stake than the first and, being transverse
corrugations, they tend to allow the stake to spring together under the influence
of the insertion force applied at the outer end and the resistance from the far end

of the stake and along its inserted length; obviously, the problem is exacerbated



wire which may be engaged with the stake e.g. with a

latch, to pull it through the bundle into its correct
wplem®s7987t ensi oner rod used as a pul | i ng nmean8CwaR2005/042177

sui tably have an L-shaped end to engage with a hook on

the end of the strip or, alternatively, a wire | oop

can be threaded through a hdle in the strip to exert

the pulling force on the stake as it enters the
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can enable the stake to be pushed or pulled into the bundle with greater ease,

while the transverse corrugations at the outer end of the stake will hold it in its
intended place in the bundle as the transverse corrugations are finally located
relative to the tubes at the outer periphery of the bundle. With this type of stake,
it is in fact possible to make the longitudinal corrugations continuous along their
length to facilitate the insertion of the stake into the bundle as there are no
notches between the ends of adjacent corrugations to catch upon the tubes as the
stake enters the bundle. Retention of the stake is then provided by the transverse
corrugations at the outer end of the stake. The corrugations are preferably

arranged so that they extend out alternately across the strip, from each face of



Tube Supports,” the contents of which are specially

i ncorporated herein by reference, or saddles, as
woesmvostsd i n co-pending U S. Patent Applicati @aTNS2005/042177

11/128,884 to Wanni et al., filed on May 13, 2005,

entitled "Anti- Vibration Tube Support,"” the contents

of which are specially incoerdperated herein by

reference. The longitudinal corrugations are likely to

be particularly useful_ in deep.tube, bundl i n which
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stakak elsimpy chisleito securedhe ends of the stakes 10 or 20, as described
above, improves the effective support provided to the tubes near the ends of the

stakes.

[028] While the frictional engagement between the stakes and the tubes will
provide for retention of the stakes in the bundle, the end of the tube stake may be
provided with a tube-engaging crook, to hook over the end of a tube on one side
of the tube lane to prevent withdrawal of the stake in one direction. Alterna-
tively, the stakes may be folded into a U-shaped or hairpin configuration, which
has, effectively, a pair of the stakes conjoined at one end by means of an arcuate,

tube-engaging segment. This configuration can provide stiffening for either



the bundle and then pivoted into the desired | ocation.

[027] As can be seen fromthe draw ngs, each tube
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| ane so that insertion of a stake in each tube |ane

provi des support for two rows of tubes within the

outer periphery of the tubel®undl e. At the periphery

of the bundl e sone tubes may receive support froma
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[029] The tube stakes are suitably made of a metal or other suitable material,
which will resist corrosion in the environment of the tube bundle device in
which it is to be used. Normally, to resist corrosion in both water and other
environments, stainless steel will be satisfactory. Stainless SS 304 is suitable
except where chloride corrosion is to be expected when duplex stainless steel
will be preferred. The duplex stainless steels which contain various amounts of
the alloying elements chromium, nickel and optionally molybdenum are
characterized by a mixed microstructure with about equal proportions of ferrite

and austenite (hence the common designator “Duplex”).



menbers such as bolts extendi ng between the arns of
the hairpin at one or nore points along its | ength.
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into the U-configuration) nmay be provided by attaching
the ends of the stakes to a netal girth band or cable,
whi ch encircles the tube bundle. The stakes may be
secured to the band by formng a lug on the end of the
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a SR iRRGssoV RSP RS HAE ARicen | HisSehlcipbichE I would, of

e e i e e S e

is(dtt Meeedshsy ml@ﬁ?éﬂ Rihpler eGuipntent lcoliRB ukabfAlese access

its good stake retention capability, another nmajor
topgeater aggouodest he present type of stake is its
sinplicity. Unlike the stakes shown in U S. 4,919, 199

R 4P B Bt RS ESp RS h VRIS iipacons
andlbPvhi&idds by Ve THARSHiBBANAG arBiNS fEdA BRY §dopR!of the present
formthe tube-Teceiving saddl es, an expensiveée

inveatiati dhus,nvid ntergledahgethegrbseme snventiohi coivetshthepnedifica-
force could be as | arge as 20 tonnes. The _ .

tipphend Nyayions ofJhe snssrtiomeprgy klediihey cameswithip the scope of the
cont r@sﬁ .._can f ornmed (%)%tﬁa si ngl e pressing operation

appeydRd clim And el FIPDASIER. fabri cating several rows
of



corrugations at a tinme, wth successive pressings
along the length of the stake, in a sinple press with
wea 2@wspeessi ng force. The use of two press rolPCE/US2005/042177
woul d, of course, represent be the npst econonica
option for |arge-scale manufacture but is not
necessary and the cheaper, -di8npl er equi pnent coul d be
used failing access to greater resources. [031] It
wi || be apparent to those skilled in the art that
CLAIMRYs nodifications and/or variations may be nade
W t hout departing fromthe scope of the present )
i nveht Aosuppbiudevice fars ploraditsed eldtugatedhmepressriwherein the
i nvention covers the nodifica tions and, vari ations of )
iqﬂﬁéssparaung

plurpdity of elengsied pesheavare HENZSHAR TRV VI SPRECE

.he ended, cl ai an j ui My, 1. A
sl oV o e et pigont Feigh Poteitsl,
wher g I doh di RAES & palreof i

arr a%glghgﬁterﬂg\%ggi\}\? (%1 a@% g?ee?a?ggnggpsepar at Pﬁg adcjgpgg glnntg
faceyys of el ongated nenbers, the support device

conpri sing: an el ongated_ | ongitudinally extendjng

st r i wheweein tap stripdiaving a phpelithef Trapwersegrarugationpdocated at

strip. havi ity.of t ti
lopgitaglipal iéc”a%sﬁg%iq“ygf ettt a | one ol ong the Strip,
Wf\%eréi{} ﬁﬂé’g}ﬁ&ﬂkt tof ns%ﬁ@%‘éﬁh%%ti&% [ot8RhE AP feast one
e e me

formng a st one elongate er engagi ng zone

elenbadini@mbai eigdging sotie\exiendinglaferally autwadsiwaynfeonf at least
the pair of opposing faces to en%age at | east one of
onehef theupadr Of gppasieg tacgs tedngagenirleast enephdhe phiwsality of
devi ca accgrdi ng to claiml1, wherein the plurality of
elppged ARBORLS r ugat i ons are arranged in sets of

transverse corrugations at successive |ongitudinal
accotl g SUBPETLANcs AchhEfing fo LR bV pHEL GF ity of
Héﬁ%?ﬁéeé%?u%%oﬁl‘é% bﬁ&ﬁg}%@fn@e@o?ﬁaﬁs%ﬁg &rhigatidhns at

ongat e er “engagi
successive longitudinal locations along the strip.

jubr

3. The support device according to claim 2, wherein each of the set of
transverse corrugations forming at a plurality of elongated member engaging

Zones.

4. The support device according to claim 3, wherein the plurality of
elongated member engaging zones extend laterally outwards from the opposing

faces to engage elongated members on opposing sides of the spacer lane.

5. The support device according to claim 2, wherein the corrugations in
each set of transverse corrugations form alternating elongated member engaging

zones on opposing faces of the strip.



zones. 4. The support device according to claim 3,

wherein the plurality of el ongated nenber engagi ng
woansnsextend | aterally outwards fromthe oppogCm@s2005/042177

faces to engage el ongated menbers on opposing sides of

the spacer lane. 5. The support device according to

claim 2, wherein the corrugd®i-ons in each set of

transverse corrugations forn1a|ternating eIongated

menber _engagi ng zones on Qpposin es, of th

?,t r .qh, Ehe THEPQ SisBIce ageOiciiee KL Ia.lﬂ uﬁt%ercqoannﬁl&mg an

I
creb Rl SRUBILS o JPhEBRFERTE [p P RFETB kBl Flig] S7heniing
ddlgd &&rf&habtﬂéx%h thg velibédted Witlﬁﬁ thO§3icRf 1aMel hl n t he

spacer he support device according to claim
1, wherein each corrugation having a depth, wherein

the .eg}@ts %%VR‘%M’C@S&H ngb BRI , IRFERY edchadridition

wi dt spacer | ane. 8. The support devi ce
havdegadepth, twheathi the epiihef edch d¢drengatmmsheing greater than the
corrugations cau5| ng di spl acenent of at |east one of
widib of[thespacsd lantaber s when the at | east one el ongat ed
menber engagi ng zone engages at Ieast one of the

plurality of el ongated nepbers. The su rt device
acco$ diThg suppertaleyice, ackREHBE 0 P]ﬁ‘émpq ¥ laqrpflyt%gftransverse

t ransverse corr tions .ext
cqrpeioPs R apRReat A g B it SHE pE M Qohadlfidnpes
A gby/RERast one of -

W\/\/ﬁg?he%)%ﬂt%h& ué;lg %S@gfgg@%ﬁ%hag?gg@t ubes I%?e arranged
therplﬁfa\l\ﬁwablbﬂgab&l hendgrsepar ati ng adj acent rows of

el ongat ed tubes, the tube support device conprising:

an el ongat ed Iongltudlnally extending strip having a

pai r 9 ofTheppportgldvicesccording ¢o ldimel swhénein tshea;dumlma of

to be located within one tube |ane, wherein t
trawer@ eorprgatiamstaxtend substaatially along ﬂ@dﬁﬁg@r@qﬁé é%ﬁléd
10. A tube support device for a tube bundle having a plurality of
elongated tubes, wherein the plurality of elongated tubes are arranged in rows
with tube lanes separating adjacent rows of elongated tubes, the tube support
device comprising:
an elongated longitudinally extending strip having a pair of opposing

faces,
wherein the strip is adapted to be located within one tube lane,

wherein the strip having a plurality of transverse corrugations located at

longitudinal locations along the strip,

wherein the plurality of transverse corrugations forming at least one tube
engaging zone extending laterally outward away from at least one of the pair of

opposing faces to engage at least one of the plurality of elongated tubes.



| ongi tudi nal | ocations along the strip, wherein the
plurality of transverse corrugations form ng at | east
woneostosts7engagi ng zone extending laterally ouPG@aus2005/042177

away fromat | east one of the pair of opposing faces

to engage at | east one of the plurality of el ongated
tubes. 11. The tube support -@&wi ce according to claim

10, wherein the plurality of transverse corrugations

are arranged in sets_of transverse corr '

o ctb o ThE Telonsnnoes deics eecartDEto ATy | JnEhSEin fie Rlarality
The tub 1 devi di i i
of SV Ere GRBRops 56 SFufErdh Sehiel Sufvald dblruehiBhe bl
i . i . 13. The tub
s@ﬁpgg{ef‘idggﬁugfenag%}@?% gwt % c?gi‘?}?ﬁ'u wher gi nut (I?]e

plurality of tube engaging zones extend laterally
out wey dgpkh PRAR 18R93gewhbrih uB&sof the
on \gg%oglhfﬁﬂ% %ng)ogf th%@tg%{aog&?%ntg.% 14. The tube

se$ of pant velsy coguaatiansdiongingatcd pluralitly, ofiilobe engagihg zones.
corrugations in each set of transverse corrugations
formalternating tube engaging zones on opposing faces
of th® Theitpbe difppofhdetichecauding to daim 48, whersinithgyplusality

claim 10, further conprising an engagenent assenb on
ofafube eagagingzongs estengddaterally 9utwﬁraﬁ gr&ggﬁw QIPOSHS babeS T

orienting device such .that (b, can be | ocated
e%algﬁi%e {%éest%%pgog}peg_ Siggs Ofl'hjgetf'lﬁ%g Ig::upport devi ce

according to claim 10, wherein each corrugation having

a depjfh ' e | pei Ng

ar eabbr THRATOE hibst g folraffEd Al 19YhRRATAED
cRYPPAInsdR \EaER s@CEREAisRBrsk @ofudiaToAd formhalt@natih A eube

transverse corrugations causi ng di spl acenent of at
engaghilg aomesoén dppoding Eceniof the steipat | east one tube

engagi ng zone engages at | east one of the tubes. 18.

The tube support device according to claim10, wherein

t he pSuhleittipe sfipporadeviee secardimgipatlaiond Ogfuréred comprising an

substantially along _the |ength g_{_l the strip.19., A tube ..
engagemeny agsesebly nntileast gne gnd afdhe s © ¢ngags vith an orienting

dBEE AL W R ELRRRhEL HURGT wittiE fE fubd B! ural ity

16. The tube support device according to claim 10, wherein each
corrugation having a depth, wherein the depth of each corrugation being greater
than the width of the tube lane.

17. The tube support device according to claim 16, wherein the
transverse corrugations causing displacement of at least one of the tubes when

the at least one tube engaging zone engages at least one of the tubes.

18. The tube support device according to claim 10, wherein the plurality

of transverse corrugations extend substantially along the length of the strip.



of elongated tubes are arranged in rows wth tube

| anes separating adjacent rows of el ongated tubes; and
weabkode@azdis7one t ube support device, wherein eacRCraise00s/042177

support device conprising an el ongated |ongitudinally

extending strip having a pair of opposing faces,

wherein the strip is adapted®lt-o be | ocated within one

tube | ane, wherein the strip having a plurality of

transverse corrugati ons | ocated at | ongitudina

|oca19-oAswbﬁéwgld?%evm¢@ppmmgéi nthe plurality of

oo it Sk EaPR AR B Ao e s Uhalp o g
of Q8GR drpa-RRkrd Pl IGREPILN AR RS RnaTsegRiep rows

oft¢lbggireddhieesdanice according to claim 19, wherein the
plurality of transverse corrugations are arranged in

set satdeasgtramesvube seppwt deigeei ons at successi ve

| ongi tudi.nal | ocati ons ong the strip. 21. The,tube ..
bundMBeEEY cagh &ﬁ)@o%ﬂlapﬂla L %Iﬁwﬁpg%qeﬁgpg@tg@quwdmally

set syer. jons formng at a
e’{)t?ﬁc}@?.stﬂ@f’8%%@%’%828%5%2%@ 22. The tube bundl e
devi GRerGh Mot it Adaptel 1o Bb lovdied Q¥ithih ReRhbE Rinet y Of
t ube engagi ng zones extend laterally outwards fromthe
oppowihereih dloe stripcheonem g elurakity abranserspeusigagions decated at
of the tube | ane, 23. The tube bundl e device according
longitufinailactions alangihe §ERor r ugat i ons in each set of

- onoS VAR O by A Pk Sl HAbh fortfhE o FPLAGbe
xR E 208 LREATEARRAD) bRl FWProH(RYI8M JrB D Bair of

vi ce tUrther “conprising an engagenent

opsatbacesto ehgigestleastenendehe pheakity ofpelongaind agfees.
with an orienting device such that the strip can be
| ocated within the tube | ane. 25. The tube bundl e

devi 2@. dheantie bundle delviaienactordingdo elaimeHdhwherein the plurality
of transverse corrugations are arranged in sets of transverse corrugations at

successive longitudinal locations along the strip.

21. The tube bundle device according to claim 20, wherein each of the

set of transverse corrugations forming at a plurality of tube engaging zones.

22. The tube bundle device according to claim 21, wherein the plurality
of tube engaging zones extend laterally outwards from the opposing faces to

engage the tubes on opposing sides of the tube lane.

23. The tube bundle device according to claim 19, wherein the
corrugations in each set of transverse corrugations form alternating tube

engaging zones on opposing faces of the strip.

24. The tube bundle device according to claim 19, wherein the tube

support device further comprising an engagement assembly on at least one end



corrugation having a depth, wherein the depth of each

corrugation being greater than the width of the tube
woans/0swser ei n t he transverse corrugati ons cauBCmgs2005/042177

di spl acenent of at |east one of the tubes when the at

| east one tube engagi ng zone engages at | east one of

the tubes. 26. The tube bunrdl2e device according to

claim19, wherein the plurality of transverse

corrugations extend substantjally al ong the I_engtg ?f

e located

of; the sgip fpengage wih apentingdleyiceesnchdhalihg SHp §ar
Wc al @qéﬁ Y\,herei n the tube bundl e device is a heat
thidizgape lane.

25. The tube bundle device according to claim 19, wherein each
corrugation having a depth, wherein the depth of each corrugation being greater
than the width of the tube lane, wherein the transverse corrugations causing
displacement of at least one of the tubes when the at least one tube engaging

zone engages at least one of the tubes.

26. The tube bundle device according to claim 19, wherein the plurality

of transverse corrugations extend substantially along the length of the strip.

27. The tube bundle device according to claim 19, wherein the tube

bundle device is a heat exchanger.



