- 1 - ANTI-VIBRATI ON TUBE SUPPORT Field of the Invention [1] This invention
relates to tube support devices, commonly referred to as tube stakes. The

t ube support devices are installed to control flowinduced vibration and
prevent nBPSSTH t he tubes or rods within the bundl e PCTAS200386213Uppor t
devices may be retrofitted into existing tube or rod bundles or installed in
new bundl es. The present invention is useful with tube bundles in heat
exchangers, cooling towers, steamgenerators and simlar fluid-handling

equi pnent. It is contenplated that the present invention may be used in any
application where vibrati C | gy @ Ss a pattern of

el ongat ed nenbers (tubeakgﬁpggggﬁ?ggg?ﬁgggsgEgggggﬁgg a problem Background
of the Invention [2] Tube bundl e equipnent such as shell and tube heat
exchangerBie&hef SieTnlédtiod ens of fluid handling devices utilize tubes

organi zed 1 n bundles to conduct the fluids through the equi pnment. In such

tubes. ando5; oddt} fieRbY Pefsb (ke P ediRhy RRUE SREt IR 80 Dlpee:
in the buy h%tmés.sﬁe?%?é %\ﬁ;gdtfﬁgeﬁba% ih&thRedvhd &dls}]n&aéleqwtaﬁau@é@ set. One

common confi guration es I's the rectang ormation with the

t ubes setvibfatRin gitbgrev oSV Emeht/OftHeanbes o Rels shikldinghé bpatlks Died ween the
tubes) between each pair of tubes or rows of tubes, aligned orthogonally to
one anot hbe shppeiidevices metyi baretedittedt inheexisting fremeot rodowmidlés oot her t ubes
except at, the periphery of the tube bundle and is directly opposite a

cor r esponi@stidied ibacydy s hEhe prrsentinyeniapmisarsehy With tulibpndlgs ihe t wo

are a1 orarehhgss: nbERERES, R e R R AR ek Does
(the two S0HRGEMH Ik WEtbpidted TRITENE BYesBRfinveHtion WRRSbE Bsdd'fh AP ad) acent

rows) .

application where vibration caused by fluid flow across a pattern of elongated

members (tubes, pipes, rods, etc.) presents a problem.

Backeground of the Invention

[002] Tube bundle equipment such as shell and tube heat exchangers and
similar items of fluid handling devices utilize tubes organized in bundles to
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 1s
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).



- 2 - [3] Fluid flow patterns around the tubes as well as the changes in the
tenperature and density of the fluids which arise as the fluids circul ate

wi thin the J\gafosR¥phanger nay give rise to flowinduced Whﬂﬁﬁ%ﬂﬁﬂ&u?% an
oscillatory nature 1n the tube bundle. If these vibrations reach certain
critical anplitudes, danage to the bundle may result. Tube vibration

probl ens may be exacerbated if heat exchange equi pnent is retubed with tubes
of a different material to the original tubes, for exanple, if relatively
stiff materials are replaced with |ighter weight tubes. Flowinduced

vibration ma)al Fluiddlow padieins agslinehidetubss aulell @s tiy ehagesie tiaper at i ng
demands, for exanple, when other existing equipnment is upgraded and a

previ ous! y tempesituretandyddnsiy of tdehfinigls rwhich deise ae the: finiis tcixeudate yeittuime s
subject to flowinduced vibrations. Vibration rrag even he encount ered under
certain conkf hedpxchpegerdnay giedirgde flavdnduged vibrations iod anascll#eBut  wi t hout

heat transfer takin | ace. esi des good equi nt .desj gn,,.ot her )
neasur es EH@‘PQ}F(%HR{%)@Q&%%& e‘”s% i %%Eﬂﬁﬁa%ﬂﬁg& 8s or tube
st akes as ese | e]ﬁm . ang, yn this
speci fi cat itdc%1 %9%%%%@?@%}25%?& the tuE}eﬂlgﬁnﬁ\p@I I'n oia ggiee%%%ggﬁna??%l

f I ow i nducegh¥ithasah @qgﬂpﬁlenﬁrs&wbted%@@aﬁje\é%fwﬁ@ﬁiﬁ nRdtefiAbtd dees. A
nunber of tube supports or tube stakes have been proposed and are

conmer ci al loriganalithbés, gor Eanply pif reladselyi et materihlS ardPriptadedNoith4ighdés 442 to
Wl lianms has a U-shaped configuration in which the distance between the top
and bot t omwsaightimbes.oFlawendurgdnabrationtinay skspwcaur when ¢quipment isguiden

adj acent rows in the tube byndle (i.e., substantially the sane as the tube
ane di mendPeie)SeVer QPErgiag APMaRds. 07 XarhRley MOEIORRer S U CTURIEN 1§ he

bundl e and | u ' segnent
of & tube. MPREREAA Y e fy YaiRedhl B R ERT M P BROORBR o
place in its3caRRE _@ﬁqeef%ﬂwihue&doﬁbmst Webrafof thily N BeBHESuntStckes of
this type are typicdlly nade of a corrosion-resistant” netal, for exanple,
type 304 stumidet essaiatcontditivnsiwieen 4 exsiangebntstdlein e Tloangtréad bun t o provi de
both the necessary rigidity for the staked tube bundle as well as sufficient
resi | i ence withouidieat ghagfedtaking ploos/ 057967PCT/ US2005/ 042177 - 3 - channel to
allow the stakes to be inserted into the | anes between the tubes in the

bundl e.

[004] Besides good equipment design, other measures may 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 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., substantially the same as the tube
lane dimension). This type of stake 1s 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



[5] Another formof anti-vibration tube stake is described in U S. Patent

No. 4,919,199 to Hahn which discloses a stake made in a soft V-configuration
strip in which saddl es are fornmed perpendicular to the |ongitudi nal axis of
the stri pWh2WH858pen ends of these V-shaped cross sect iRSHEUSHHE3HAd] es are
formed in the strip with a pitch (distance between saddl es) equal to the
tube pitch and with a radius which na[ghes that of the tubes in the tube
bundl e so the saddl es engage with the tubes on one side of the tube | ane.
The engagenent between these tubes and the saddles | ocks the tube into place
inthe tu resisk i . f tL | i t he
spring tyggmggg$%§HB§§®F§EQEE9§P%éﬁ%&%gg?ﬁga%gg?%%&%gFﬁﬁ?gp#ﬁgs2¢gg:oL the V
to open apgpArduce the effective overall width of the stake enables the

“stake to engage the tubes on both sides of a tube lane in so that the

V-shaped stake is | ocked into place between the two _rows of tubes. [6] A

simlar t {8l of Angther dormet aatigabrationdube stake &5 desgriied indJ.SsPatest Nes t 0 Hahn
whi ch di sg| d stake which,is | t ed, ket two tube |
wth 't he SSRC L bR BoRtE st natye toad Lt S drkPERBuaAlBnsBRe bundl e
Saddl : ' - - iQn t

wth oppolt MRS, AiEoARER AR dic RIRARIIG 35, SEME'@HIR, °T0702,
stake is f@sésitehdsohaseVaiaped cth8 sbetgss. ofhd SRidensteobred i tabl e

fasteners extendi ng between the two arns of the stake. [7] One problemw th
t he pressethpcwithi gpitet (distanfe biteveey paddlesyequab el tuBatpitrh Od with@48, 442 is
that the stakes do not create a positive |ocation for each individual tube,
al t hough raduswakeh matchesitbat ofifhe tyheson thertubeshugsile se i sadsdes engage The t ubes

remain free,tQ viprate in one an ral el to the tube |ane and parall el
o the o Sat (e tbeser onf spRcuTbR TSk Be. whenentihent BriveRnintiibis

Pat ent No X . es. ik shaped
st akes ar gf@ﬁ%@%&gﬁﬁ@@?ﬁgﬁﬁgﬂg&a@ tlthﬁetﬁ%égﬁ}ngﬂteér ﬁgﬁ%tsﬁﬁeénk ﬂgtéﬁ%und! e
which - 4f theddtBphebupsicd oGt Hle%?ﬁnrﬁqygfamoﬁﬂﬁ)ﬁﬂed B¢ (Bd ¥Kesnfigiitation et ai ned
wi thin one of the closed ends of the shaped stakes (these are the outer
tubes in pbtrenndiccarnmis thisi e o apen and rezluce the effeblyve becraidsidati of ke U- shaped
stakes), are free to nove and vibration in these tubes can be expected under

certai n céwlitenables thestakeiie pagagerbe dukes ambotbaidargefta Brbedane hesa tsé support
has a transition region before reaching its full depth the two tubes

adj acent the Yostaned Liake ioipekeaud Rlabeetwsendhe rueapys 4 HYb&s-br at i on
mtigation either. [8] One disadvantage of the stake designs which use

channel pgmfi NASsiPlaf ERNBIUBE Qrdkbqs dbfirRadn e EWPaknt M. IUPES 159141 Ng a
e

single tu ane is that deep channel pressings are required or other

nmeasur es hehasslkich diddosdsteeUtsiaped atadeivehick isinsertd baivdeen thvorarbe lenempl i cat ed
form of tube support is shown_ in U S. Patent No. 6,401,803 to Hahn. This

st ake use¥thibevlesedyadl of thed7 ayer eepal heaeriphicra pbessiw tha bypdlengs whi ch
force the_stakes agai nst. the tubes,on %p_;l)jgs'te(iides of.th? tube lane in
order to SAMYERESEIMSEGHC PR SPADREIETH shaped fTQ5H SEELq DEag6wever ,

quite exp i @?{Flééf[ﬁctﬁ j; : i iy Wdate
relativel ?ﬁ% %@?&tsg‘%e anes %%CSG}P%{EF%Q%P%}@@?ib\gﬁh%PTsﬂgp%rsg@é parts
t her ef or egtake iRfARerddShAMearound 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



Summary of the Invention [9] According to an aspect of the present
I nvention, a tube support device or tube stake which is useful to mtigate

t he possi bigd sobe@ireéibe damage from fl ow i nduced vibrati gyds-bethf2pyndl es
or rods conprises an el ongated nmenber or strip which is intencfed to be

inserted in a tube | ane between the tubes or rods of a tube bundle in a heat
exchanger, condenser, cooling tower or -ether tube bundl e device.

Rai sed-t ube- engagi ng zones are disposed along the length of the strip; these
t ube- engagi ng zones are formed by transverse corrugations whi ch extend

| ateral |y cue nbt dimedibt éndimdatbypbne lof st stabes amasetdimedwiltanediafl thpl ane of
the strip, to engage with tubes on opposite sides of the tube |lane into

whi ch the stesed ands oh s Uethapr stakgs Sbese atsche oyl ey snalternaly 1087s| ocat ed
coe 1 Fenaobrsmo SRIEIY IR o P ROk s sk ople,

d . the. f f th
Stripoin aneh Sbedfin P oo i ripdtiny bR PShABBEE T 206 Ren
the other. Jinhecdusodhs bl aBaly oPthe e shPpdtPhils & #Sitidiieglor ube

formations, either the rectang ormat i on the triangul ar "t ube

formation. bBferestaddsg iwfubdeptistiettad tubtoadjacntitokach afieheooutennosal t er nat e
tube | anes. Wen inserted _
tubes do not receive any vibration mitigation either.

[008] One disadvantage of the stake designs which use channel pressings to
accommodate the distance between the tubes forming a single tube lane is that
deep channel pressings are required or other measures necessary when the tube
lane is relatively wide. A more complicated form of tube support is shown in
U.S. Patent No. 6,401,803 to Hahn. This stake uses two V-shaped pressings
separated by compression springs which force the stakes against the tubes on
opposite sides of the tube lane in order to dampen oscillatory vibrations. This
form of stake is, however, quite expensive to manufacture. A unitary stake,
which will accommodate relatively wide tube lanes without the complication of

separate parts therefore, remains desirable.

Summary of the Invention

[009] According to an aspect of the present invention, a tube support device or
tube stake which 1s 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



I nto each tube | ane, the tubes receive support from stakes on both sides.
Because the effective gap between the tubes (tube | ane dinension) is smaller
with the %‘rd%bﬂ gjg{vformation t he thickness as well as the height of the

rai sed tube- %H g zones will normally be smaller in JrdEYSPBYORKE st ake
to be inserted between the tube lanes with this configuration. The tube
stakes nmay be used in new tube bundlescor retrofit into existing bundles.
The flexibility of the stakes permt the tube stakes to be inserted into
bot h rectangul ar and triangul ar configurations. The stakes can al so be used

i n appl i CRinoPMdind $6EtioRS of RABIARLIAIBS MR thé‘@nﬁféll‘éﬁ%ﬂhsoﬂ% sehigaf! y defined

due, for exanple, to the warping of the éxisting tubes. [OMIhe tube stakes
of the prsakat Thecentigation®yrelsrefpablgniraiigey sanbatithex persidVeleyallypbuai cat ed by
pressing with dies equipped with suitably arranged protrusions and cavities
to form t frencthertwgnopprssddacastafdhe Sormin af alierinetieg gzagingy, zshéomoenby t he use
of pairs of rql]lers.which have protrusions and cavities (alternating between
the top atpgerdithesrimindthendhe ofieTset) to form the rai sed zones on the
strip. Many of the known types of tube stake, as di scussed above, for

exanpl e, paonot Thertdbe beakse imayshd mseidhinbath convéntnahtubecfonmativasnt net hod of
fabrication. [012]1t is an aspect of the present invention to provide a
support deihardhe sectangnlar formajiopforghe tigangdantehd dernativie Phestakesy of

® om0t i sgeried it cA0T fibe' fAné Bt Fucd altente b lahEs. “WHERinSered 29 acent
into each tube lane, the tubes receive support from stakes on both sides. Because
the effective gap between the tubes (tube lane dimension) s smaller with the
triangular formation the thickness as well as the height of the raised tube-
engaging zones will normally be smaller in order for the stake to be inserted
between the tube lanes with this configuration. The tube stakes may be used in
new tube bundles or retrofit into existing bundles. The flexibility of the stakes
permit the tube stakes to be inserted into both rectangular and triangular
configurations. The stakes can also be used in applications where the spacing
between the tubes is not clearly defined due, for example, to the warping of the

existing tubes.

{0111  The tube stakes of the present invention may be conveniently and
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]  Itis 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



menbers. It is contenplated that the plurality of el ongated nenbers can be
arranged in various configurations. The support device includes an el ongated
| ongi tudi n k ing strip having a pair of opposing E, Z}rip
has a plurg#?¥$%§?ﬁggts of transverse corrugations Iocate%@§?§%ﬂg'§§ Ive
| ongi tudi nal | ocations along the strip or a continuous set of corrugations
| ocated substantially along the entire_lgength of the support device. In
accordance with the present invention, each set of transverse corrugations
forms at | east one el ongated nenber engagi ng zone extending laterally

out war d awayerfibers) dt islooastmplatedahat the mavalitpof elopgatodombatess Ean Bogage at
| east one of the plurality of elongated nmenbers. Each of the set of

t r ansver se acanged it vameusneonfigurationsp | Lheaupppricdevetoimydnded amestbagatedgagi ng
zones. The plurality of el ongat eg?rtenber _engagi ng zqnes extend laterally

out war ds f dengiiiinalbnedending strar hayngfgpaie ok PPPRARS dages ntidiesstan b osi ng
id f th | Th J i h t.of .t
corr ugat | oRSANE elsers af transiBre rprarkaioRs doratkd Bt eghisiey Inng Yol o,
gati . . : ! _ )
ot o ool aldife Bbisirb of B AREMARIEE R bbuBRiGNGENR subRmBafig N |

of the SIOa%ﬂingn@aﬁ%ntiﬂ_é‘ﬁ:ntgﬂﬂﬂﬁﬁﬁrsﬁﬁpéﬂrdeww I[N chRYanea ith ﬂie%ﬁb%rﬁ”em of at
| east one of t'he el ongatéd nmenbers when the at | east one el ongated nenber

engagi ng zaneergingagach st of eastvarsecaiugditons! formb iat Jeasf omd elopghted nenber s.
The support device may further include an engagenent assenbly on at | east
one end of me¢mbenangaging sanepuiending laterpdlycoutwerd away framn ak deast pngoftee st ri p

ithin th ' | ane. [013] 1t i th _th i ti
Yo br ovi de PR GlRSRSAbeOAgas af 16254 G bR AutAlsY DR GIONERIaR al [y of

I t ed The nl i _ - th
Cube T anes Hafbers, BcRafi oot HanSb e BhBRe b AR pl Fofh HMAsy o 005
devi ce may el didatdPm@miRt @ﬁ'g%éiﬁg zbﬂé!QiTh'@FHﬁhﬁ%' SPdI8REABY ndihbér &ifPAoige 8 pai r

of opposing faces. The str IS adapted to be’located W thin one tibe | ane.

The strip hascsenbnd dietjlyafutwatds febmtthanppesiag faces togaighgosldmpatddcd at
successi ve longitudinal |ocations along the strip. Each set of transverse
cor r ugat i omeembsrsfosroppesingetides ofnidesphecrdanagThg ceumgations7in eashisehaf ng
| aterally outward away from at | east. one of the pajr of opposing faces to
engage at ILEHSYCTSHEOBREHIRNSINAY SpHR 91t%?nagpgﬁ%%g@&ed misEaberiEQgAS IR ZQReS

Dl aral ity shdbeRls 05 e R B el b o as b e R o oo ot
faces to eriﬂ@aﬁiohhe%éw&ﬁwﬂioﬂpfﬁggha% 2idpah @fat 1&3@55%?14@%-wm of the

corrugations in each set of transverse cofrugati rmal ternating

t ube engagisﬁ@ce&dﬂm 'Dhe apposrdcdrdeefions thie cadsel displeéhemtostt Atdaddt @menay
have a depth that is greater than the width of the tube | ane. The transverse

cor r ugat i ond thaakagdicdphembamsnvhentheat least one elmgated menhevengagiag t he at
| east one tube engagi ng zone engages at | east one of the tubes. [14] In
accor dance W@ﬁnaaﬁﬁsr?égeaaga%pf 3}6 Elﬁéﬁﬁy@imngaﬁﬁﬁbﬁmﬁﬁr&aﬁméaﬁfm%ne of the

tube SUPPOT, fu 67 Fudifer iHEREBIAEnGp L AsEHBR) BHINGSLSH 651 of the

strip to temporarily engage the strip for locating the strip within the spacer lane.

[013] It is 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



Brief Description of the Drawi ngs [15] The invention will now be descri bed
In connection with the following drawing in which |ike reference nunerals
designate_|ike el ements and wherein: Fig. 1 is a schematic view of an

ant i - vi br X9 #0378 support arranged between four tubes RGT/ES2p¢HANGUl ar
arrangenment heat exchanger according to an enbodi nent of the present

I nvention; Fig. 2 is a schematic view @f a variation of the anti-vibration
tube support of Fig. 1; and Fig. 3 is"aschematic view of an anti-vibration
t ube support arranged between three tubes in a triangular arrangenent heat

o N9 o RoARHAREF ol oI ARl P 5508 LA O

to engage at least one of the plurality of elongated tubes. Each set of transverse

corrugations may form at a plurality of tube engaging zones. The plurality of
tube engaging zones extend laterally outwards from the opposing faces to
engage the tubes on opposing sides of the tube lane. The corrugations in each
set of transverse corrugations may form alternating tube engaging zones on
opposing faces of the strip. Each corrugation may have a depth that is greater
than the width of the tube lane. The transverse corrugations cause displacement
-of at least one of the tubes when the at least one tube engaging zone engages at

least one of the tubes.

[014]  In accordance with another aspect of the present invention, at least one

of the tube support devices is incorporated into a tube bundle device.

Bnef Description of the Drawings

[015]  The invention will now be described in connection with the following

drawing in which like reference numerals designate like elements and wherein:

Fig. 1 1s a schematic 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



- 8 - to one another but on opposite sides of a tube |ane. The tube stake
may be inserted between the tubes in the tube bundle along a tube | ane

bet ween adj&??gd&%/,”%?&e rows. It is contenplated that the WUS?ZH@S%%}W%W ce

may be ins 0 a tube lane in an existing tube bundle.

corrugations fornmed in the tube stake permt a certain anount of flexing of
the tube stake such that the stake may ke fed through a tube lane that is
not clearly defined, which may be due to the warping of the tubes or

el ongated nenbers. It is also contenplated that the tube support device may

be posi ti ongGnehndHerpat barppdsits fte2sHE Mle1agE. R thb®stakunghebe Wi l € the
present invention Is described in connection wth tubes or tube bundles, it

i's not intdnstetkd atvetheheptudseid thertubabundlebdons adubolamkeybeviveln agjacanstr i cal |
hol |l ow tubes. It is_intended that the present invention nmay be used with
hol | ow or duvb¢ towsdl is contemydategddhatiibe mbreesupport deMes maydmimsertedinted to a

circular cross, section; .rather, it js jntended fhat. the ,{ubes pay have a
square, tr itﬁﬁ‘blﬁn&rm&“ SuHuE %ﬁhﬂgﬁh@%@%&a@qﬂen%%@ thetubgstake ¢ he

h i h k h ffici | ..l d f
exChanger Bk bR SRR LB TR 40 okl R0 ol AR R REDERF, [
acr 0ss L he &Aluicfipiadhflc Binc! 8 RUBMcRarkUdiHed, 643h mabd GR0IE  he tube
stakes will vary gccor Ing to the Ienga{ 0 & tube nes across the

bundl e. | n wEpnLasHe ubVGVEbngAtbe mdaBérs Ot @falﬁﬁéélt_leﬁl[?ﬁ@teﬂﬂhéthﬁe Bed! e
will create discontinuities in the ianes so that it will not be possible to

i nsert the sspphesieside map bagpssioned sn tltebdland|duringrassembly of éw; tube nmay be
possible tqQ insert the stakes into the bundle fromdifferent angles al ong
the | engt h tndiseWiuledhe preseat guientien py descaided $n gpanediphvith BBeHVssi bl e f or

the tubes. T he .st ak i1l i ted t |y, i t he bundl t
e e T Bonda, 1Sl B RS ARSI B Pl M DU 2
i the t H=Y6 IS . i i . j I t th
B T s e R R A A

st aked suppgith hbllo®osEsdlidl fodls ofF hibee. Punthetmof) th@hibesiare hbeliffitdlte aof the
bundl e where access fromthe periphery is precluded. In view of their sinple

and repet i tdisoslaandsspectabnpratharhi 1pimesmdud thabthesubkemayhaviea sqmek,| y cut to
the desired length to fit the bundle, - 9 - whether extending entirely
across it driaagukr pepthesronfigumagipn. (Whereghe eanstmuction olatheiafchARger t he st akes
may be tied together around.the peripher f the tub undl e, .for .exanpl e,
by bendi ng RFEHESt 1 siakismay bergads sebicientlyrlgiy'e sxtendyfrem qngisigah tise
riveted or ] I I i r.cl.i : -bundl e.
The stakes %gﬁgﬁﬁ%ggl}ﬁééﬁﬁgggPﬁog?d%%n?ﬁrﬂ&rpfdgﬁhg@ﬁépslflé#&g ﬂ@g%fﬁe&%rﬁﬂo her

sui tabl e fasgtRESUndiEth AAPLATE [BRofhest the TobIftaRe\RAIE vary bép?drbﬁlggﬂ(ih@f a

tube stake 10. [017] Figs. 1 and 2 show four adjacent tubés A, B, C, and D in

a tube bundkrgth of the tube lanes across the bundle. In many cases, however, the location
of pass lanes in the bundle will create discontinuities in the lanes so that it will
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 vanant 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,



with a rectangul ar tube formation. A tube support device or tube stake 10
according to the present invention is inserted into a spacer |ane or tube

| ane L between two rows of tubes. Tube stake 10 nmay be fornmed froma strip
of netal &YOYAEr™Elitable material that is capable of WEHEPRAUPHYT?
corrosion due to prolonged exposure to fluids and the tenperatures present
in the heat exchanger. The tube stake 10 extends in tube | ane L defined by
tubes A and D on one side of the |lane dnd tubes B and C on the other side of
the tube lane O course, in the conplete tube bundle, there will be

ddi h b
fow igﬁ{‘zm*e#é&feﬁé% efifetf akis 1O oty Bak qPAn A Ao BrBialle 1 Ab2
with ot hehaq&igﬁe o nwmsgeméraa&ow&e;sde@ggq GRANSfubRRK A%, up the

t ube bundi & an s between these t rows and ot her

adj acent fm:@ﬁplbub%bemmg dver shaendardfthextakas ko forae eas svhible cinbigerbund| e.
Tube stake 10 has tube-engagi ng zones 13, 14, 15,16 forned by transverse

cor rugat i bagiveidrd ohotherwisd latkest ontoel gAIthlhanﬂrammthgtthbtﬁfEdEmdM fthe strip.
A first set of transverse, corrugatjons 11 extends out fromfac 10A and 10B
of the st pigkes & flgeazf‘@uvimwae é’sl@ga Eagppleea ﬁa@éégrﬂih%re?tm orrugati ons

12 extend_out fr fa le t.r h tybes C and
D. Succesg‘(i‘#%nege %ﬂaﬁg\)ﬁaﬁ%gréj @ f@ lﬁetﬁ doog%eatggpg’tag([e ]t%s al ong
the length of the strlp to engage in a simlar manner with other opposing
tubes at (1g1r rlEgpelcand? showafoupadjackim tubes Al BstC,%eid Dfinadubeibahdlens, the
t ube- engagi ng portions are fornmed by the tips or extremties 13A, 13B of the
corrugat i @nﬁl areasmgHaniabo formatien.r Apube Auppett dheiceiqrsube sakerd®ni ties 14A,
14B on - the other side 10B, .as shown in 3B engage

Fig
with tubea%:%{ﬂkpgﬁ ePEQ?eniHB’e@HQBd%IW’Etﬁ iRfpe ‘ﬁ’aCPﬁiLaé‘es(? P%\f ner, tips

oxt e t1 DEERD Wy RS ubb R Yk Beobelt S g ssb ot pdiifiea T5 be
so limteg; oﬂ%tr@ﬁ{tablbtmht%nﬁpﬂfa? Vﬁfaﬁfé éﬁ‘@khﬁ%mhﬁ@%oﬁéﬁ&?dﬁéw emties or
tips (e.g., 13A 13B, C, as sho 2) may be provided. [18] It is

al so cont pmilbﬁgaﬂeiqsc&mé reflofisrangiathe agyap éﬂaairei prevehhi thedseadexehdngeni ti es
may run substanti al he entire Iength of the tube stake 20, as shown in
Fig. 3. |{Thedube siakcdﬂt%mncbtladubmhlnetlhdeﬁmd by &nbasnd amdyl)emt(emléﬁ: ong only

a portion out ortion)_ of the stake. The corrugations may be
conbi ned @/%ﬂrpl@e Saﬂ&’aﬁr’%é‘ﬁ@@é’n the otheg s1ds<af the falpe lapE{PleCOUTsE.UB pat ent

| d ' b
Soppor t, %%O%Bf??%ﬁ{ &ty o e i lioRd: @hﬂﬁ%@ﬁ g B bbince. For
exanpl e, - kdghTbe RkARhARiH of I hibERSWAEERSALs WIS shither F8gagi ng

zones on t e are to provide the eS|re endgagenment tween the

t ube stakeoﬁtnﬁhmgemtﬂﬂ@eﬁubes Bhahd Gbaithunbéenibt rbwehirgmetiéy sangabei ng used.
To accommodat e pass lanes in the t ube bundl es, the di stances bet ween

successi veoseusiowil vmnnegaakorsuprtye tibe ibuadiasBoe trbedanesbstacten these
correspondl ngl.y, consistent wth the arrangepent .of tubes in the bundle. It

i 5 cont enpvacdifceRbiowhand ather gdiccepisroneyotryhes wild bgriimalarly exiensive i r e

parti cul aPr et GoR R TvBs 3R 1P 1l b leniap ran U SRR EST ),
defi ned. - F@ledphiaftiofsc Loitubaldls, APRUNcREnS DRCARREGALIFARA emOne tip to

an opposite tip e from mm greater

than the smldfgh@aﬁpewmdﬂeeﬁ(bube@mrersteftﬁ)rﬁrg'anbny\mre@{ténd@amﬁmqmt occurs
so that a tube deflection of simlar magnitude is achieved at this point. It

i s cont enpPAtaul 10Rof thesthp grmgage edthtubos Pugad Bowhitey seaoyd sdthe exact
defl ection achieved in practice will be less than the total depth, of the
st ake becgogBgarens Lhestend out fionyfaces 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



the valleys of the corrugations to a certain extent, as shown in the figure
where tube A, for exanple, nests into the valley between tips 13A and 13B.
G early, thgoosh@nrtest0 Which the tube is accommodated int a and
the extent to m%@éh%it sits on top of the tips wll depengcj{))r@%%%é)olrzgzgective
geonetries, including tube dianeter, tube shape, pitch and spacing and
corrugation pitch (distance between sucggssive tips in a set) and depth.
This may best be determ ned on an enpirical basis. To a certain extent,
therefore, the tube-engagi ng zones fornmed by the corrugations will fit
around t he thelbéisersadet HiBB, astshowinpntIagt 1 p Tipst 3A¢ E3Bidngapewittetubeste and
accurately the separation which will be induced in the tubes but this
corrugat i ofipgebtd 4B engagernuith jubeeBf dormcdsimiliar msnper.dips 15A a1 Bisogags | ecti on

whi ch I d_vi brat | I.st ] d l.t.s i

g1 d {ube widh e D-ad TS ol G ek e Gt SHAE1G e Fips 28 CEREMEBFY Ugat | ons”
def d._t he t.ub d the.elasticity .of t t ybes, . | 1 t.h
eﬁlgirg?n{gﬁ? Bowi L g e ingsh R'aiépﬁtgfwdéé tg b o imfighot t-“r“nt ot
only make t; {.égqu (=3 a a stake in
pl a)ée in ttﬁgeghn eéﬂéﬁ)eﬂs??tragg a}& ﬁ#&%%%?%ﬁ%e%‘?#%&%’h?‘?bggligélrllggg?%g zones

(the ti p-t%hbmﬂifnsﬂ‘igﬂzﬁmh?@etpibﬁﬂedl rip thickness is selected so that each
stake deflects the unsupported tube (i.e. when not supported by a stake on

the opposite side) fromits rest position with a ngr tube deflection,

typi cal |y 48t O?.IESS F]éofﬁ‘mefmﬁf‘@ditga rﬁ"ﬁé"&f@lg@u@\qs %Rf’é%ﬁ?f%%ﬁlﬁ fbe of stake
whi ch permts the use_ of | J. u r of a n.has-kheen,cust omary,
typical ly, e&%@ﬂlﬁgﬁ%@mguﬁﬁgﬁﬂ%ﬁﬂﬁ%ﬁgkﬁ@% o%iﬁ%g@%es&&(ec%@ %?os\]}lgﬂrége of
t he present;.t of; ; L&t | ] be
accommodat tela E?Ai/g'te%'o&tlg gggp&%lr es ]ilaﬁegd tlci)l'?E ﬁ?gdogit'dréé g@{‘ g\lﬂrll ee}ggggta i(ﬁ}%e(?ﬂ?ﬁd; t ube

| ane di mengicetioh$e.kaketer F@rtﬁﬁa) ofigle Stale. Theldogrughiibhs mb@eldsmbi@tdtwin t o
the total depth of 'the stake, the thickness and stiffness of the nmaterial of

the strip wthér ireardfgemants; as difclosedgforrexafriple) intllS Padierit! ApplicationtNo. t he

stakes are jnserted into the bundle. Normally, a strié) thi ckness of from1
to WO 2006/584889 Pt Mgt ab gnttled “*Ami-Vibration Tube Support,” the contents

of which are incorporated herein by reference. For example,

[0191 The placing of the transverse rows of raised, tube-engaging zones on the
tube stake are to provide the desired engagement between the tube stake and the
tubes in the tube bundle with which they are being used. To accomumodate pass
lanes in the tube bundies, the distances between successive sets of corrugations
may be increased or decreased correspondingly, consistent with the arrangement
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



2 fMmw |l be satisfactory to provide adequate tube support and ability to
resist the stresses of insertion into the bundle. [0221 Figs. 1 and 2 show
the tube stake 10 in place in a rectangular tube formation for which

~confi gur aQMPP5167 pet ter suited. The tube stake 10 mayP@ERBEBEEd in a
triangul ar configuration. Fig. 3 shows the tube stake 20 in place in a
triangul ar tube formation. The arrangegfnt shown in Fig. 3 is better suited
for applications where the tubes may not“line up uniformy or when the

spaci ng between the tubes varies. It is contenplated that either stake 10 or

20 may_be oGyt o DRbpAGh AN AR etk AR SARLIEELRR. Pr ovi ded

corrugatl ons con

provi de sypROAt fsx%xahﬁﬂe:sl%ﬁ%s ir&@%%l@cﬂfe;ﬂ;geﬁwfeéﬂ 1ipk flo@t hy®19BP dghMpen the

‘tubes (tube lane dinension) 1n the tri l'ar tube formation is shaller than

that of tlig ¢xehbgwhivh thetuisd isaecoieodited intbhhe kalkss @l theldxtas tbhe t ot al
depth of the corrugations tglpeak to valley, including plate thickness) wll

“typi cal | y wiachk itesiitsen tojpeof thhsips fvill depend enttha gedpective gaometriass but the sane
anount of _tugg_ def| ection is suitable for adequate tube support and stake
r et ent i oninqlpdingdube gametpr,4ubeskane, pieh apdvpacipgand eoEugalRE PHE) be

ol ace. unt (-BrpaBehieh afERsRR T S5 b eRe R GLB GRSy & e ane wi th
. oY) 8 Janevith
retent | Ondpfordfe R4S SRRRLA BEN, DY {RELEIASILL WorBlorkBoRbal and by the

t ube- engagi'ng zones on en e support stakes are

i nserted engarihBeohed Corbatidhye theCkrrruladiohd RalIfftr Abiad tieubed go egabé ng zones
have to be pushed or pulled past the tubes until the stake is in its proper

pl.ace in tipgobumdistanck will raeprdsant amyrdtel wihedeparationpalniahiwill bencr ease 't he
space between the tubes to aid in the insertion of the stakes 10 or 20. Each
set of coindvgatiiniie Hbssthyt gus soansation depth) widl normealnbe fRunbnitadletd by t he
e |20 G B By RS bRl WS B vl 55 1 2

results in a very rigid tube bundle. The elasticity of the stake itself as the

corrugations deform around the tubes and the elasticity of the tubes, coupled

with engagement between the raised tube-engaging zones and the tubes will not

only make the tubes more resistant to vibration but also retain the stake in place

in the bundle. Desirably, the total depth of the tube-engaging zones (the tip-to-

tip distance including strip thickness is selected so that each stake deflects the

unsupported tube (i.e. when 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



- 13 - tension on the stake will tend to flatten out the corrugations so
that the stake will slip into place nore easily into the bundle. Then, when
t he tensiog,d lL,eved, the stake will revert to its ori,gi j.guration
and the Co?‘?%@é’ﬁ’?ﬁ%@ wi |l engage the tubes tightly in thﬁrﬂ@égﬁ@g“&gnner.
To facilitate pulling the tubes into position, the strip may be provi ded at
one or both ends wth nmeans for tenporag4ly engaging the strip with an

el ongat ed tensi oner which can be inserted between the tubes in the bundle
and engaged with the end of the strip; the stake can then be drawn into the
bundl e undey miill belsatisfactory te pkéﬁi&é‘ﬂ&&gﬁ@étdﬂe%ﬁpp@hﬂﬂéﬁﬂiw foErekfRe tension
can be sl acked off and the tensioner disengaged fromthe stri'p, |eaving the
corrugat i orthe stressel aX insattiort imed theoburgillal configuration, hol ding snugly to
the tubes. The engaging neans on the strip nay suitably be a hole 17 at the

d of th i h d on the end of the strip b ding the end
round.  ThdWing, Blssr 1 48] 2oraey St sake Bl Rece dlcckgbimsdfiy ond o o
Lo o . " (

througn + nd Eialifn FHORRH Brithubdifonh e ferdujitt e beSale BORY alb0 | g
means may e iRl B @aAr bosfigRatofNEid. 3 SRERIMHebE sBikBOVKinGladd i gnd  of

the strip or, alternativVely, a Wire [ oop can be threaded through a hole in

the strip ttoiasgelat tibefopmbtiong Thereangamehesiaivark én Hip. i3tis detter suitdzefdrundl e.
Because the total depth of the tube engaging zones (tip-to-tip, including
pl at e thi clapplisations whetedha tulessnaynetl ingnp amafornmiy or whenihespaddngt he t ube

I , th b h bend i.ghtl I h i alth h
e, e e B PR LS L eI D RS 7 TN
1o, Lk ReBE e Bl St AR HREGT PRl ceoch o
conf i gur at ixgBrd 5f e RBFAohiloRPEdMAci!(Re haRRE: 180 bhSviaL Slifpui rét et N the

triangul ar confi gurat to? because the second type stake 'has the
corrugati onganéd, cl oser intervals along the I ength of the stake than the
first and, being transverse corrugations, they tend to allow the stake to

[ t th der t i of | f the j ti f . L.ied at th
ot o1 end ANE nobPERISE i e et ar dhe AT (Fpedaak BUARRHORIONG | 1o
[ ted | , ' | - - furth
the stake | Dorpati AER Ryl BERIET M B ER R hrepid dompatifn, 1T 0% e

tube bundl Gh8%Yate REORNGS as Reelf 8€itle! thal ﬁ@p@ﬁ/off fheTorhda8bhd (ak toRBRYEr bar
with bevel ed édges having a thickness that is slightly greater than the

total dept hinoludinpepkataitéckess) will npidaily teosmaliat thanshatrfoo theerectamigadal zones)
after which the stake is inserted into gl ace and the netal bar is slowy
renoved to @rangemenhbupthspeme gokumgfitabofleflpetianisemiitahle fosadeqinde debke. The

bar may al so be used i.n a simlar nner to facilitate, renoyal of the
Stakes, [ 0ZSPPRE PARKESAD0Dy Taghe same wa%fieswfvsiﬂ FbaVenthe gt ake

t ube- engagi

Iﬂgy 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



zones such as the dinples, |ongitudinal corrugations or nerged

di npl es/corrugations, all as described in co-pending U S. Application Seri al
No. 10/848,903 to Wanni et al., filed on May 19, 2004, entitled
C"Anti - Vi bMR PBMUTE0e Supports,” the contents of which arRCEBEOIHHRLYTT

i ncorporated herein by reference, or saddles, as described in co-pending

U S. Patent Application No. 11/128,884_ to Wanni et al., filed on May 13,
2005, entitled "Anti-Vibration Tube Support,"” the contents of which are
specially incorporated herein by reference. The | ongitudinal corrugations

B L
o SpOnd A B AR AL hef pBRIORRS G TR o (ne

to be pusliggstake Milikreekrt @3 s brigitl aehRgiitationGheahe cofagationdwile chhfoe
transverse corrugations at the outer end of the stake will hold it inits

“intended pheatbes tightly ib thedinderateditnenneraniy facditateopulliggtthe iebearintd | nal |y
| ocated relative to the tubes at the outer periphery of the bundle. Wth
this typeDgsitigngthe stiip may be,prayidedhakena,piebeth arngk vitthmeagh {9k udi nal

The ot ake Hporras Chgtang Etrinruh an Sichenued inBionst bluh cef pedhieies "

dj ' : Y h
bundi o, REPEREeaRs B GELATLAAA MRsLY WAR AR Gl BT hE R
corrugat i @ag tidn be\8raWHf Mito ERIb@IdIE RBASE Bl it TR IEOMmiIRId (ASEH, @it P ef er ably

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

face of whibh tiniehthe s¢usign casbdekekedeff amd theacpsioh¢radisappigeddtomnhe |
stakes of this type are to be inserted into the tube bundl e under tension,
t he t enposttpy leagag Sreesnirugaiions to oelax prtottbeisiosiging coadigasatin, hokdingt this

d of th ip. Kk be i .ed i.al | i q
Sgt erm Eegn@ef;l%'éﬁﬁréé RERte 16e Witgme ?Ib%l’ll%{ et by sifasy be e 1daui prent
he . . . .
di (raeit ?oﬁgt a %ﬁ?fetﬁggﬁp:% gﬂb&c{)gg&lﬂg&ngﬂ tﬁ%%ﬂ%gg%e%ﬁﬁ;bﬁaﬁ évihe“r%[{‘(i? (E:%e direction

at the figaj a.?éﬂlﬁi TIRC@hkdher hﬁilytéﬁ@taﬁgfbéﬁfﬂhﬁingafodﬁﬁhsﬁﬁ&fﬁcﬂé?ﬁ%ﬂ:Pn’

followed in alternate sequential mannér at "successive axial |ocations al ong
the | engt kvitd whith mabbelupdial witheths sadkese. gayitha latehetd pall intheoddietheundl e
and then pivoted into the desired location. [0271 As can be seen fromthe

dr awi ngs, bendle Intfbids eemeal pdangagddendionerirodarsedas apdling menndagayf a tube

| ane so that Jinsertion of a stake in each tube ] ane provyides support for two
rows of t §BEaPIyhane Andyghaneden rqn,gﬁgwwsxagﬁef(paﬁbe saﬁd:&éﬁe B OFe

peri phery t he hundl. one. L ube r i Ve part . f a. stake which
ner L Per o Rel B8 B e PR Bt AR e SRR,
support gpHffhg fbx&é‘&? o YRESaPitlenterS 85 bRk S HHcBu g thetBke d%EHP&‘Pﬂx@g out
fromthe last pair of tubes wthin the bundle is relatively Short, sone
ef f ect i ve nshepfpainSz@iey €ripito-tip) ¢ncluditiceplateuhickness)ds refeceblatslipkagt by the
cantilevered end of the stake. Using a cable to secure the ends of the
st akes 10 gorat@Cthamshedwsithiofdbe agwlene, thp tdhesshaviedo dichdslightlysapgiahe provi ded
to the tub th L .
o the tu cgfruggt?orns pa%s;eaqﬂ'x%u%L t%nhsemzsxin?alggg the stake in place when it is in its final
position, it makes mnsertion 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



[028] Wil e the frictional engagenent between the stakes and the tubes w |
provide for retention of the stakes in the bundle, the end of the tube stake

may be proyélsRsitAiby @ tube-engagi ng crook, to hook over (Pﬁn t ube
on one side o?ﬂt he tube | ane to prevent w thdrawal of the[I sta egsl“%fzz)ﬁe

direction. Alternatively, the stakes may be folded into a U shaped or

hai rpi n configuration, which has, effec{jvely, a pair of the stakes

conj oi ned at one end by neans of an arcuate, tube-engaging segnent. This
configuration can provide stiffening for either - 16 - three or four tube

rows simul fignRetiek Yhe\ithke Rddsdriceniato pashindle. Ingeaionast thetubdistakealitof rom t he
cl osed end of the hairpin (the arcuate segnent) being | ocked over of the

peri pher al theutmbs bandlmaytbweverhlee facmbifated Be fiastdnseartioh astpaéadeprbawi des
stiffening for three or four tube rows sinultaneously, the U—shaggd t ube

st akes wi | Wiebeveded edgeshaxing thicknass thavig shightly grgater thanthe fetabdemh each
f tubes.in the.tupe.bund i t ed h that th t |
0f "t ubes - anht weRe G Rging e Courtet R onainathetnet e i uou 4
oS . _ f . g . 0
ot vt ded bytakBi ARERE ipace arifihe it BAC SR oMY R 4R TR OF
the hairpi gr(?ier%@kiﬁg iBf theRBb& SndtHRNEIbE lsBake " barAddy hise e ndedilsi 19 f or

single-lin takes (hot formed into the U-configuration) may be provided by

attachi ng similandanedr tbifecilitak esndvaleofihe atakgsr t h band or cabl e, which
encircles the tube bundle. The stakes may be secured to the band by formng
a lug on the _end qf the band which can be wel ded, riveted or,screwed to the
bands alt ehBST 1 vel iy, FamyARRIcobSR0gRS Mada i Bie iR aior JUbSEPEHES! t he
stake thr oggﬁesv%c%thsttﬂg 8911}5%9#?@2&9%91 Qgﬂﬁgé,%‘?tﬁggm&%d”h band can be

secured; for exanple, are I'e”" i 't he tube bundle

devi ce adj aafplesicorfup@tiond, @l dsuR8cibéd Uit namedl.S. HeagioRBEH 2 NG.O
reduce the pogsisbi i tylof t ube su([:)ports s(igjipgi nggg[gmm t I;e tubes. [029] The

t ube st aked04848,908 teaWannivetwds., dflech omdvialy 187 2004hernteledt ‘Gotte- Vitbtatiomal , whi ch
wi Il resist corrosion in the environment of the tube bundle device in which
it is to bdubesmpprgsadhe ponteatsraiswhichase speciaRy incasporitsdhhetelmhy ot her

Uit abl o CRIBHICRHBF SACEHoR HeSEBPA S cgPeniin Lo RABREABBIGHIRN Nanl ex
oLl nlese 317l 4 o Weull A 6 o048 s st Al 1 ol
L S e R b AT Y

reference. The longitudinal corrugations are likely to be particularly useful in

deep tube bundles in which the stakes have to be inserted past a relatively large

number of tubes with a corresponding increase in tube/stake forces during

insertion. The use of the longitudinal corrugations at the inner end of the stake

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 ﬁansverse

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



- 17 - [30] Besides its good stake retention capability, another major
advant age of the present type of stake is its sinplicity. Unlike the stakes
shown in U S 4,919,199 and 5, 213, 155 which require the netal strip to be
formed by W 8We0¥8671 n two directions, |ongitudinally intREHHEBMBITTV shaped
channel and transversely to formthe tube-receiving saddl es, an expensive
operation involving | arge machines in i\gi ch the press force could be as

| arge as 20 tonnes. The tube-engagi ng zohes of the present stakes, by
contrast, can be formed by a single pressing operation in the transverse
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be the nost econom cal option for |arge-scale nufacture but is not

necessarymngila,gj@“@@ﬁ@é Wiﬁimtemg@qdidf@@gnﬁﬁul d be used failing access to
greater resources. [31] It will be apparent to those skilled in the art

t hat various nodjfications and/or variatiqns ma made. W t hout. departing
rom t e Whe. oiersiakes Be BE IS AL aial TpeRone deter e B AP HEACH e

b ovi ded. PheY ABRGSHFe’ R TERYSLAT oI, MRS Ry B b T
equi val enisio the bundle in different transverse directions at different axial locations, for

example in a vertical direction at the first axial location, in the horizontal at the

second location, followed in alternate sequential manner at successive axial

locations along the length of the tube bundle. The stakes may be inserted into

the bundle and then pivoted into the desired location.

{0271  As can be seen from the drawings, each tube stake engages with tubes
on opposite sides of a tube lane so that insertion of a stake in each tube lane
provides support for two rows of tubes within the outer periphery of the tube
bundle. At the periphery of the bundle some tubes may receive support from a
stake which does not support a tube on the other side. This reduces the effective
support given to those tubes but since the length of stake extending out from the
last pair of tubes within the bundle is relatively short, some effective support is
given to these outer tubes on one side at least by the cantilevered end of the
stake. Using a cable to secure the 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



- 18 - CLAI Ms: 1. A support device for a plurality of el ongated
menbers, wherein the plurality of elongated nenbers are arranged in rows

Wi th spacekyd dpgRsgparating adjacent rows of el ongated Wﬁzﬁwéﬁf‘ﬁsupport
] 5

devi ce conpri sing: an elongated | ongitudinally extending strip having a
pair of opposing faces, a wdth and a | ongitudi nal axis, a plurality of
el ongat ed nmenber engagi ng zones extendi{g.laterally outward away from at
| east one of the pair of opposing faces to engage at | east one of the
plurality of elongated nenbers, wherein each el ongat ed engagi ng zone
havi ng a plthrealortfguofubt raws senmaRatsus Howith additioMat pesitivedebaticil foiahei on
extends orthogonal to the longitudinal axis across the wwdth of the strip.
2. The supptake fiemithe chsed eddnd thohairpn(tie, arshatesegnent) ding dddked afer
el ongat ed nenper enga%ggg zones are arranged in sets of_ transverse

g

corrugat i orfd the petiphes es pbong enditahe busdle. | Because eagh stakeqreyigles

stiffening for three or four tube rows simultaneously, the U-shaped tube stakes
will be inserted over alternate rows to provide stiffening for each row of tubes in
the tube bundle or inserted such that they span two columns of tubes and are
inserted into alternate lanes between rows, which would support four adjacent
rows. If desired, additional stake retention may be provided by retention
members such as bolts extending between the arms of the hairpin at one or more
points along its length. Additional locking for single-line stakes (not formed
into the U-configuration) may be provided by attaching the ends of the stakes to
a metal girth band or cable, which encircles the tube bundle. The stakes may be
secured to the band by forming a lug on the end of the band which can be
welded, riveted or screwed to the band; alternatively, a small slot or hole can be
punched in the end of the stake through which the girth band can be passed. The
girth band can be secured; for example, to tie rods that are available in the tube
bundle device adjacent to the outer tube circumference of the tube bundle, to

reduce the possibility of tube supports sliding down the tubes.

[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”).



3. The support device according to claim2, wherein the plurality of

el ongat ed nenber engagi ng zones extend laterally outwards fromthe opposing
faces to engage el ongated nenbers on opposi ng sides of t?@ spacer | ane.

4. The suﬁﬁg?$“H§WVce according to claim2, wherein the &Y 8§WF5H§ in each
set of transverse corrugations formalternating el ongated nmenber engagi ng
zones on opposing faces of the strip._;5_ 19 - 5. The support device
according to claim1l1, further conprisihg an engagenent assenbly on at |east
one end of the strip to engage with an orienting device such that the strip

be | d Vi i ili '
can be | oggfppd VEdMAR it \CoRPASEE rditéitfon ﬁzgaablh 6 andier %ﬁ%&%\rﬁﬁ%ﬁei 1 the

according to claim1l, wherein each corrudation having a

depth of elepresontriygabl erkbes ngsianpladiel. UnkiRe thestokel thodin ihe).Spacer | ane.
7. The support device according to claim®6, wherein the transverse

corrugat i difl GHGambS5 2iiSplSScwhehtreghirathd mesdl stuip tobe fovened by gaessihgrenber s
when the at | east one el ongated nenber engagi ng zone engages at | east one of
the pl ur alti £%0 gireglionsg dergi fto the U- or V-shaped channel and

transversely to form the tube-receiving saddles, an expensive operation
involving large machines in which the press force could be as large as 20 tonnes.
The tube-engaging zones of the present stakes, by contrast, can be formed by a
single pressing operation in the transverse direction, fabricating several rows of
corrugations at a time, with successive pressings along the length of the stake, in
a simple press with a low pressing force. The use of two press rolls would, of
course, represent be the most economical option for large-scale manufacture but
is not necessary and the cheaper, simpler equipment could be used failing access

to greater resources.

[031] 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 modifica-
tions and variations of the insertion, provided they come within the scope of the

appended claims and their equivalents.



8. The support device according to claim1l1, wherein the plurality of
transverse corrugations extend substantially along the Iength of the strip.
9. A tube support device for a tube bundle having a plurality of el ongated
tubes, wherein the plurality of elongated tubes are arranged in rows with
tube | anes separating adjacent rows of elongated tubes, the tube support

devi ce conpri sing: an el ongated longitudinally extending strip having
a pair of opposing faces, a width arrd 8z | ongi tudi nal axis, wherein the strip
is adapted to be | ocated within one tube |ane, a plurality of tube

engagi ng zones extending laterally outward away fromat |east one of the
pair of enpoMeg faces to engage at |east one of the plurality of el ongated
tubes, T~ Wherein each el ongated engagi ng zone having a plurality of
transverse corrugations, wherein each corrugati on extends orthogonal to the
| ongi tudi nal axis across the wwdth of the strip.

1. A support device for a plurality of elongated members, wherein the
plurality of elongated members are arranged in rows with spacer lanes separating

adjacent rows of elongated members, the support device comprising:

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

width and a longitudinal axis,

a plurality of elongated member engaging zones extending laterally outward away
from at least one of the pair of opposing faces to engage at least one of the plurality of

elongated members,

wherein each elongated engaging zone having a plurality of transverse
corrugations, wherein each corrugation extends orthogonal to the longitudinal axis across

the width of the strip.

2. The support device according to claim 1, wherein the plurality of
elongated member engaging zones are arranged in sets of transverse corrugations at

successive longitudinal locations along the strip.

3. The support device according to claim 2, 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.

4. 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.



- 20 - 10. The tube support device according to claim9, wherein the
plurality of elongated nenber engaging zones are arranged in sets of
transverse corrugations at successive |longitudinal |ocations along the

strip. 11. The tube support device according to claim 10, wherein the
plurality of tube engaging zones extend |aterally outwards fromthe opposing
faces to engage the tubes on opposing sides of the tube | ane. 12. The

t ube support device according to clailf-10, wherein the corrugations in each
set of transverse corrugations formalternating tube engagi ng zones on
opposi ng faces of the strip. 13. The tube support device according to

claim oy further CoORPLiphAteddl SA0RANRTERATSEAR . MirdngafaSt one end of

the strip to engage w an orienting device suc e strip can be
| ocat ed wigdgementhassemblyeon atreast one end of i strifite ehgape vathomontentey doiceaccor di ng

to claim9 ein each corr i an havi a depth, wherein the depth of
each corts\ﬂ‘lt_s’épl‘%‘]g e%@?ﬁﬂlcgﬂrlgﬁﬁtgj‘gﬁﬁgl‘ﬁﬁ?@ce\ﬂ?%fh of the tube |ane. 15.
The tube support device according to claim 14, wherein the transverse

corrugations causing displacenment of at |east one of the tubes when the at

| east one tube engaﬁ;i ng zone engages at | east one of the tubes. .
6. The support device according to claim 1, wherein each corrugation having

a depth, wherein the depth of each corrugation being greater than the width of the spacer

lane.

7. The support device according to claim 6, wherein the transverse
corrugations causing displacement of at least one of the elongated members when the at
least one elongated member engaging zone engages at least one of the plurality of

elongated members.

8. The support device according to claim 1, wherein the plurality of

transverse corrugations extend substantially along the length of the strip.

9. 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, a

width and a longitudinal axis,
wherein the strip is adapted to be located within one tube lane,

a plurality of tube engaging zones 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,

wherein each elongated engaging zone having a plurality of transverse
corrugations, wherein each corrugation extends orthogonal to the longitudinal axis across

the width of the strip.



16. The tube support device according to claim9, wherein the plurality of
transverse corrugations extend substantially along the Iength of the strip.
-21 - 17. A tube bundl e device conprising: a tube bundle having a
plurality of elongated tubes, wherein the plurality of elongated tubes are
arranged in rows with tube | anes separating adjacent rows of el ongated
tubes; and at | east one tube support device, wherei n each tube support
devi ce conprising an el ongated IongiTaﬂﬁ nally extending strip having a pair
of opposing faces, a width and a | ongitudinal axis,
10.  The tube support device according to claim 9, wherein the plurality of
elongated member engaging zones are arranged in sets of transverse corrugations at

successive longitudinal locations along the strip.

11.  The tube support device according to claim 10, 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.

12.  The tube support device according to claim 10, wherein the corrugations
in each set of transverse corrugations form alternating tube engaging zones on opposing

faces of the strip.

13, The tube support device according to claim 9, further comprising an
engagement assembly on at least one end of the strip to engage with an orienting device

such that the strip can be located within the tube lane.

14.  The tube support device according to claim 9, wherein each corrugation
having a depth, wherein the depth of each corrugation being greater than the width of the
tube lane.

15, The tube support device according to claim 14, 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.

16.  The tube support device according to claim 9, wherein the plurality of

transverse corrugations extend substantially along the length of the strip.



wherein the strip is adapted to be |ocated within one tube | ane, a
plurality of tube engaging zones extending |laterally outward away from at

| east one of the pair of opposing faces to engage at | east one of the
plurality of elongated tubes, wherein each el ongat ed engagi ng zone
having a plurality of transverse corrugations, wherein each corrugations
extends orthogonal to the longitudinal axis across the width of the strip.
18. The tube bundl e device according”pd claim17, wherein the plurality of
el ongat ed nenber engagi ng zones are arranged in sets of transverse
corrugations at successive |ongitudinal |ocations along the strip. 19.

The tube bundhe dexitg@eﬁglggr&iv{&gcg@pﬁghgé;m 18, wherein the plurality of tube
engagi ng zones extend laterally outwards fromthe opposing faces to engage

the tubes on Qm%uﬂaemﬁgagfu\{ﬂgfgfﬂ&%?kéart@oes, wherein 4k plgﬁggtﬁbe bundl e

devi ce according to claim1yv, e corrugations i set of
t ransver siongaed thet aro agarfiged in eiwsevittetibalgnesHeparattgagljavgntzowesf on opposi ng

faces of e{orﬁgatg(s {ulbgs, and

at least one tube support device,

wherein each tube support device comprising an elongated longitudinally

extending strip having a pair of opposing faces, a width and a longitudinal axis,
wherein the strip is adapted to be located within one tube lane,

a plurality of tube engaging zones 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,

wherein each elongated engaging zone having a plurality of transverse
corrugations, wherein each corrugations extends orthogonal to the longitudinal axis

across the width of the strip.

18.  The tube bundle device according to claim 17, wherein the plurality of
elongated member engaging zones are arranged in sets of transverse corrugations at

successive longitudinal locations along the strip.

19.  The tube bundle device according to claim 18, 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.

20.  The tube bundle device according to claim 17, wherein the corrugations in
each set of transverse corrugations form alternating tube engaging zones on opposing

faces of the strip.



- 22 - 21. The tube bundl e device according to claim 17, wherein the
tube support device further conprising an engagenent assenbly on at | east
one end of the strip to engage with an orienting device such that the strip
can be |l ocated within the tube |ane. 22. The tube bundl e device
according to claim 17, wherein each corrugation having a depth, wherein the
depth of each corrugation being greater than the width of the tube | ane,
wherein the transverse corrugations“@QUSing di spl acenent of at |east one of
t he tubes when the at | east one tube engagi ng zone engages at |east one of

t he tubes. 23. The tube bundl e device according to claim 17, wherein
the plurality)pf tTﬁ@t%H@B&ﬁll&deidé%&dr@iﬁé tPAhigN Y, HHRRLRNE Infel ¥ ﬁdrpng the
| ength of the strip. . The tubé bundl e’ device accordl ng to claim

17, wher divica fughendomphiging lan eu@gpmentlasscalbbem atdseshenegpad of the strip to

engage with an orienting device such that the strip can be located within the tube lane.

22.  The tube bundle device according to claim 17, 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.

23, The tube bundle device according to claim 17, wherein the plurality of

transverse corrugations extend substantially along the length of the strip.

24.  The tube bundle device according to claim 17, wherein the tube bundle

device is a heat exchanger.



