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FI ELD OF THE | NVENTI ON [ 0001] This invention rel ates
wo o00supsaes t devi ces for supporting el ongated ne@bhE8E08/007728
In particular, the present invention relates to
support devices for use in copnection with tube
bundl es in heat exchangers and simlar fluid-handling
tu [
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t he present |nvent|on |nclude at | east one | ocking
assenbly to prevent accidental renoval of the support
MDD OF PATKEROENPIIONTHE | NVENTI ON [ 0002] Shel | and
tube heat exchangers and simlar itens of fluid
handl i ng devices utilize tubes organized in bundles to

conduct the, fluids through the equipnment. In such_ tube
[90R3] es Thig,imventign Wlateéatmsyppm.d&wqeévﬁobwnpqrﬂflg glengated
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are set. One comon conf |gurat|on or the tubes is a

aepipment rreducovibration bfichet twbes widtin ithe albegnandle.oWhe support
with tube | anes (the straight paths between the tubes).
devicasdn asgendapes withy themngseraumwwrumph@gcm deasy one legking

ano r. This confiqguration | lustr d in Figure 1
PRALBR oy fn RRIA R el o s $0R6EA €61 | ek ng
assenbly in accordance with the present invention. In
this formation, each tube is adjacent to eight other

BAGKGROUNDOF THFEX VEINTYON the tube bundl e and
s directly opposite a correspondi ng tube across the

tube | ane separating its row fromthe two adj acent

In,the tri ul ar tube for the tubes.in .
@W@} nasgeﬁ f?%ﬁs@t A5 ANG, mSIAb it oafﬁﬂtlaahandlmg
cf‘e%?&stdfﬁ&e'tﬁbé’s%&%ﬁ&tedsih)i)u%td%rto 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 tubesheets into which the tubes are set. One
common configuration for the tubes is a square formation with the tubes set in
aligned rows with tube lanes (the straight paths between the tubes) between each
pair or rows, aligned orthogonally to one another. This configuration is
illustrated in Figure 1 in connection with the tube support device and locking
assembly in accordance with the present invention. 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).



tubes (the two adjacent tubes in the sane row and four

tubes in the two adjacent rows).[0003] Fluid flow
wQEaiosaesdsss ar ound the tubes as well as the chanp@eBUsI908/007728

the tenperature and density of the fluids which arise

as a result of the heat exchange between the two

fluids flowng in and around the tubes may give rise

to fl ow nduced vibrations of an oscillatory nature in

t he tube bundl e. If these vibrations reach certain
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plfc%tent Application . 11/128,884 to V\&nnl et al .

[0004] Besides good equipment design, other measures may be taken to
reduce tube vibration. US Patent No. 7,032,655 to Wanni et al., US Patent No.
7,117,935 to Wanni et al., and US Patent No. 7,128, 130 to Wanni et al. disclose
various tube support devices that effectively mitigate flow-induced vibration in
tube bundles. These tube support devices utilize elongated members that are
adapted to be received within tube lanes to engage adjacent tubes and effectively

reduce vibration to improve operation.

[0005] Co-pending US Patent Application No. 11/128,884 to Wanni et al.,
also discloses another tube support device, the disclosure of which is hereby
incorporated in its entirety specifically by reference. This tube support device is
also effective in mitigating vibration within the tube bundle to improve

operation. With reference to Fig. 1, the tube support device 10 comprises an



al so di scl oses anot her tube support device, the
di scl osure of which is hereby incorporated inits
weposnssys speci fically by reference. This tubePGUpPRIING/007728
device is also effective in mtigating vibration
within the tube bundle to inprove operation. Wth
reference to Fig. 1, the tube support device 10
conprises anel ongated fl.at nenbe d of two
elgngisd gy mepsbarndepp of BASIEIRI bogelab precenaceiad ipggther
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to receive a portion of the tubes therein. The tu
a plupglity of desiate subasecbavisg saddids i 6, whivhearb sizealstoi regeive a
cabl e through the ends of the support devices 10 and
postion Al thenabss Heprein. [ Bapgibevswippert: devicasynay bgsecured in place

ef fective .in secuyi t he ort deyices wthin th
bypRAaIng & Cahc firgugh B endt af et tpportdivices; Il and dround the
budgfbacks. There may be difficulties associated with

Installing the cable around the tube bundle. The cable

may fret at the point where the cable passes through

an associated aperture in the support device, which
(0066l 0 MBuile the cabdespare eitfeictive impeeuringothetsupportleyices within

tn¢ hindige skt bl dos prterdial B wbaciin THFTE sy be
SRR bl e
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in the support device, which could lead to the potential failure of the cable.

Additionally, the flow of fluid around the tubes of the tube bundle may cause the
cable to rub on the outer surface of the outermost tubes in the tube bundle, which

may caus€ wear.

[0007]  There is a need for a locking assembly for securing a tube support
device in a desired location within the tube bundle that does not cause wear to

the locking assembly, the tube support device and/or the tube bundle.

SUMMARY OF THE INVENTION

[0008] It is an aspect of the present invention to provide a support device for

a bundle of elongated members having locking assembly that maintains the



device in a desired |location within the tube bundle
t hat does not cause wear to the | ocking assenbly, the
wo owe/15aspport devi ce and/ or the tube bundl e. RAIVER0£H07728

THE I NVENTION [0008] It is an aspect of the present
invention to provide a suppont_ device for a bundle of
el ongat ed nenbers havi ng | ocki ng assenbly that
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principles o sent invention, a support device
for a bundle of elongated nenbers is provided. The
bundl e of el ongated nenbers includes a plurality of
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having a plurality of support members spaced along the elongated support. Each
support member has a first supporting assembly located on the first side for
supporting one of the elongated members in the one row and a second
supporting assembly located on the second side for supporting one of the
elongated members in the other row. The plurality of support members are
preferably spaced along substantially the-entire length of the elongated support.
The supporting assemblies engage the elongated members within the bundle to
stabilize the elbngated members and thus reduce vibration when fluids flow

through and around the elongated members at higher velocities.

[0010]  In order to maintain proper orientation of the support devices within
the bundle of elongated members and prevent removal of the same, the support
device further includes at least one locking assembly for locking the support

device between the adjacent rows of elongated members. The locking assembly



preferably spaced al ong substantially the entire

| ength of the el ongated support. The supporting
wa@s®eiisites engage the el ongat ed nenbers wi t hi PCT/082008/007728

bundl e to stabilize the el ongated nenbers and thus

reduce vibration when fluids.flow through and around

the el ongated nenbers at hi g%ér velocities. [0010] In
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. Preferably, the |ocking assenbly having a thickness
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the | ocking assenbly contacts the adjacent el ongated

menbers on only one side of the support. [0011] Wile
[0011]i s Wdhiledipy eansempinted thas thepppparting asserahhbies ars spaced

spaced, al.o ubstanti al. | he entirg Length of.the .
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ensure that the support devices are properly
suffigientdp gosurgithat thetshpport devices are properly maintained within the

bundle of elongated members.

[0012] In accordance with an embodiment of the present invéntio_n, each
locking assembly includes a locking block having a slot formed therein. The slot
is sized to receive a portion of the elongated support therein. The locking block
is preferably formed from metal. The locking block may be formed as a cast
component or a strip of metal that is bent to form a generally U-shape. The
locking block preferably contains rounded edge surfaces to prevent damage to

the elongated members contacted the locking assembly.



bundl e of el ongated nenbers. [0012] In accordance with
an enbodi nent of the present invention, each | ocking
wa@s®eniisys i ncl udes a | ocki ng bl ock havi ng a slptT/{/820080D7728
therein. The slot is sized to receive a portion of the
el ongat ed support therein. Tge | ocking block is
preferably formed fromnetal. The | ocking bl ock nmay be
formed as a cast conponent or a strip of netal that is
bent to forma general |y U shape. The | ocking bl ock
. : PH IS gsurfaces to prevent
' eTs contacted the | ocking
asserrbl y. BRI EF DESCRI PTI O\l O: THE DRAW NGS [ 0013] The
i nvention will now be described in connection with the
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desi gnat e, | | ements and wherein: Fig. '
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configuration of the sup ort eV| ce an
ofdhe pregenemventiong section line 2-2 in Fig. 1 and Fig.
3 is a_crgss-section of elongated nenbers having a
suppor Flgievis &t se@ipnahyieap enosenfigiration ofgbrisupport device
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of a bundl e of elongated ne

locatedb tresetictacen avitlan ecking arrangeehhinfactdadahcerwitRAfother
separ at| ng adj acent rows of nenbers 1. The el ongated

asprati9d the prosen '@Wﬁmlqnform part of a fluid handling
deV| ce. The fluid handling device is preferably a heat
transfer

DETAILED DESCRIPTION OF EMBODIMENTS OF THE INVENTION

[0014]  Fig. 1 illustrates a portion of a bundle of elongated members 1. The
elongated members 1 are arranged in rows with a space or lane separating
adjacent rows of members 1. The elongated members 1 preferably form part of
a fluid handling device. The fluid handling device is preferably a heat transfer
device such as, for example, a heat exchanger. The elongated members 1 may
be rods or hollow tubes that are capable of transferring heat to a fluid flowing
through the device. The rods or hollow tubes may be part of a shell and tube
heat exchanger or other suitable heat transfer assembly (whether for heating or
cooling). As described above, the elongated members 1 may experience or be
subject to vibration as a result of fluid flow in and around the elongated

members 1.

[0015] . In order to mitigate vibration and improve performance, at least one

support device 10 may be inserted in the lane between adjacent rows of



devi ce such as, for exanple, a heat exchanger. The

el ongat ed nenbers 1nay be rods or hol |l ow tubes that
ware@sassabl e of transferring heat to a fluid fPOMUSIY08/007728

t hrough the device. The rods or hollow tubes may be

part of a shell and tube he exchanger or ot her
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[0016] When the support devices 10 are inserted into the bundle of elongated
members, the raised support members 13, 14 have to be pushed past the
elongated members until the support device 10 is in its proper place in the
bundle, such that the elongated members 1 are accommodated in corresponding
saddles 15 on the support members 13 and 14. Each support member has to be
pushed through the gap or lane between each pair of opposed tubes until the
support device is in place. Because the total depth of the support members is
preferably slightly greater than the spacing between elongated memBers, the
elongated members have to bend slightly to let the saddles pass, although this

maintains the support in place when it is in its final position.



restriction of flow parallel to the tubes. [0016] When

the support devices 10 are inserted into the bundle of
web@sgssesl nenbers, the raised support nenber SPABUSA48/007728

have to be pushed past the el ongated nenbers until the

support device 10 is in its groper place in the

bundl e, such that the el ongated nenbers 1 are
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devices 10 in the bundle,” the support devices 10 are -

Figrkfthe thitkness o ¢hé hcking bloek 2di isgreatet tmsitthedeptiookiheg

assenbly 20, shown in Figs. 1 and 2. Each | ocking

suppart magbers 13 pad b s With suchsarrangementy theelongatrd members 1
ty I part.. devd ce ,10. The, | ocki n

calgifhng BadEtéefl fefpdaia AORDRGHIS o, OF s upRa RS 13
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the hearkofeaklitibndl lseching dagicbs sudh s dables gxteatig droand the

depth of the support nenbers 13 and 14. Wth such
peapheypfithebundlée el ongat ed nenbers 1 cannot be

i nadvertently renoved from saddl es 15 on the support
menbers 13, 14. As such, the support devices 10 can be

O AR aro¥h e L ot SpFoidkVRR" | ARy JRERAE agmany as
three dovking hssepebliesl B0, yThd 1ddkingdas@htblies are preferably positioned
on the support device 10 adjacent the end of the device, which is oriented near
the outer perimeter of the bundle and is effective in preventing the inadvertent
removal of the locking assemblies 20. The present invention, however, is not
intended to be limited to the use of three locking assemblies; rather, it is
contemplated that less than three or more than three may be employed provided
the number of locking assemblies is sufficient to prevent inadvertent removal of
the support device 10 from the bundle. For instance, a locking assembly 20 may
be providéd in the spacing between each of the adjacent support members 13,
14. It is also contemplated that the locking assemblies 20 may be provided at
spaced locations along the device 10. The use of the locking assembly

eliminates the difficulties associated with the use of the cable, described above,

while reducing the time needed to install the devices.



[0018] As shown in Fig. 1, each support device 10 may
i nclude as many as three | ocking assenblies 20. The
wo cRitg4assenbl i es are preferably positioned PeT/UR®08/007728
support device 10 adjacent the end of the device,
which is oriented near the quter perimeter of the
bundle and is effective in preventing the inadvertent
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elimnates the difficulties associated with the use of
fast¢ning am¢chanisescaremedsiaoradto bdrivell withimcthegcope of theepresent
. heeded to install the devices.[0019] The generally
INVgNERAned | ocking block 2 1 of the |ocking assenbly 20

preferably has rounded edges 22, as shown in Fig. 2,

to reduce any detrinental inpact of the |ocking block
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configuration of the ing block 2 1 1n a sl ot
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near the outer pe?iphery of the tube bundle, as shown in Fig. 1. This location of
the locking assemblies 20 is sufficient to secure the support device 10 in place to

prevent its inadvertent removal.

[0021]  When the support devices 10 are inserted into the bundle to reduce
vibration, as described in co-pending US Patent Application No. 11/128,884 to
Wanni et al., the elongated members 1 contact the tube-receiving saddles 15
causing the elongated members 1 to flex as the saddles 15 pass the elongated
members 1 until the device 10 is properly located within the bundle. When the
tube support device 10 is properly positioned within the bundle, the tubes 1 rest
in the tube-receiving saddles 15, as shown in Fig. 1. The locking assemblies 20
are positioned between adjacent elongated members 1. In the évent that a lateral

or shifting force is applied to the support devices 10, the locking assemblies 20



assenbly 20 will now be described in greater detail.
The | ocki ng assenblies 20 are | ocated and secured to
wo besasspdrt device 10 at sel ect | ocations al opgr/Ukm®08/007728
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| ocat ed adj acent or near onggend of the strips 11 and
12. Preferably, the | ocking assenblies 20 are | ocated
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e tubes 1 rest in the tube-receiving sadd] es 15, as
Weifﬂf&m seqursdgo the sypport gexicegising athsr suisablg fastening

i.ti b ' t el ted.menbers. 1. |
meB RS he e, BE MR ok FRAEK £6 BB Qicdpih ahe
lockfhg 28embPP 30 twilledw ¥ deldcribé®in g&lﬂé}%e@sﬁﬁemh &&kin
20cone int'o contact with the adjacent el ongated nenber
assé¢mbdiesBi0rdaralocatédand sgaured 0s thid suppoit dévdces UPaoselect locations
devj ce and prevent inadvertent renpval or inadvertent
alogedhe surprshdevice tfeas shpiwnin &gk ebikedockipgaspemblies 20, the
iati of .th Ki . nbly is illystrated.i
locklig Aehigt phage hraledURRGRTS et Pak st 3T 4Rt SEins eond
t i - at i . . .
124 AR AR b B 0 Bt RSARPoEl 0 Vi
of heerkd of theesigps 1 haindi k2, Setivh ate Ioeatedencr dge 6hter PpRriphery of

thestﬂgep glrntldl%?\éli"}fis lc}c%tio-ll;h(;ef tgle (fgé(kigg )zllssbe?nblies 30 is sufficient to
secure the support device 10 in place to prevent its inadvertent removal. In Fig.
3, the locking assemblies 30 are located along the same side of the support
device. The present invention is not intended to be so limited; rather, it is
contemplated that the locking assemblies may be located on opposihg sides of
the support device 10 such that a first locking assembly 30 may be located on
one side of the device 10 and the second locking assembly 30 isvlocated spaced

from the first locking assembly on an opposing surface of the support device.

[0023] 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. It is contemplated that the present invention is not intended to be

limited to the support device 10 described herein; rather, it is intended that the



wel ded or secured to the support device using other

sui tabl e fasteni ng nmechani snms. The operation of the
WGEapposds4tievi ce 10 in connection with the | ockPemyus2008/007728

assenbly 30 will now be described in greater detail.

The | ocking assenblies 30 9??_Iocated and secured to

the support device 10 at selfect |ocations along the

upport vi.ce 10, as sha in Fig...3. Like | ockin
tock D Risertily 20 maybe iSed Mith atte sufatie suBba debirea:
o . ' 1
disgfHsPATER oRimPieh USPaEaf 10, 7052855 4B Wit 85 Patent No,
7,101,930t Wahni 6t dthend US Patent2qo.ong28N B 0fo Wing t aPSwherein
11 and 12, which are |ocated near the outer periphery
thelocking assérabliond0 enayrbe positioacd betwéent adjatant ksetsgof tube

assenblies 30 |s sufficient to secure, the support
engaging gones.  If 15 infendad that thepresentdnyentinnesqvess theeoval .

i P g RO ki ol R68L Bn ifin
the J06pB i e hﬁp&ﬂediﬂiiﬁgkﬂ%fq %%fo@n‘cblﬁﬁ’alkh@ ted; rather, it

i s contenplated that assenbl i es may be

| ocat ed on opposing sides of the support device 10
such that a first | ocking assenbly 30 may be | ocated
on one side of the device 10 and the second | ocki ng
assenbly 30 is | ocated spaced fromthe first | ocking
assenbly on an opposing surface of the support device.
[0023] It will be apparent to those skilled in the art
that various nodifications and/or variations may be
made wi t hout departing fromthe scope of the present
invention. It is contenplated that the present
invention is not-intended to be limted to the support
device 10 descri bed herein; rather, it is intended

t hat thel ocking assenbly 20 nay be used with other

sui tabl e support devices, as disclosed for exanple in
US Patent No. 7,032,655 to Wanni et al., US Patent No.
7,1 17,935 to Wanni et at., and US Patent No. 7,128,
130 to Wanni et al., wherein the | ocking assenblies 20
may be positioned between adjacent sets of tube



engagi ng zones. It is intended that the present
i nvention covers the nodifications and variations of
w0 b@stesinod herein, provided they cone wthin P¢EUSHOSI@7728
of the appended clains and their equival ents. CLAlI V5:
1. A support device for a byndle of elongated nenbers,
wherein the bundl e of el ongated nenbers including a
cng#ﬂhslity of spaced rows of el ongated nmenbers, wherein
upport device conprising: an el ongated support
adapted to be | ocated between adjacent spaced rows of
el ongat ed nenbers, wherein the el ongated support
havilng a A buppors deicafor a bandleral congatedineembers; Wherein the
first side being arranged to be positioned adjacent
bupdle af slongated members dn¢lydingss phiraliyefespasedsews of glpngated
the second.si.de bei ng.arranged to be positioned
m h?%ewﬁemffrﬁe%unp dRViehEOPLSHE  r ows of el ongat ed
me : 3
t ho 2 Sed Mokt b U0 s B e PSR PR rows

of alonighteld muRibers, ivﬂfhréﬁﬁhﬁ’@l%éa@@cﬁhﬁﬁad?ﬂh&ﬁﬁgfd fist silethd a
for supporting one of the elongated nenbers in the one

seqop sidel vehereiroie finsppidetbieing amsegds to bopesitidnetadiagent one
oW BRSSPI SAPIBAA Tegabers anddle Ser ek bripe
SO0 5 R AT RSP R VG80g ongacs

menhtergt | east one | ocking assenbly being |ocated on at

| east one of the first side and the second side

bet aphuralith af suppsumearticrs spacedeaitng twe eldngdted sappory t

devi ce according to claim1, wherejn each of the at
whegein cagh SUPRRIK Pifgnberhas firsh supportigzassembly logated ensthe first
sid%'fgxesﬁ%jor{iﬁg onE et ifle %lo%%af)efd members in the one row and a second
supporting assembly located on the second side for supporting one of the
elongated members in the other row; and

at least one locking assembly for locking the support device between the

adjacent rows of elongated members, wherein each of the at least one locking
assembly being located on at least one of the first side and the second side

between adjacent supporting assemblies.

2. The support device according to claim 1, wherein each of the at
least one locking assembly being located on the first side and the second side of
the elongated member, such that a portion of the locking assembly being
positioned between adjacent first supporting assemblies on the first side and

adjacent second supporting assemblies on the second side.



t he el ongated nenber, such that a portion of the
| ocki ng assenbly being positioned between adj acent

w0 peostisesupporti ng assenblies on the first si dep@ntis2008/007728
adj acent second supporting assenblies on the second
side.3. The support device_ggcording to claim 2,
wherei n each | ocking assenbly conprising a bl ock

havi f . i i t . i .

o dut o TeckrbBrRYicd R Jpe Tz Hfieif salf I ¥kine
asiéﬂ%lﬂc@)m&isiﬂ' a b‘chﬂ@Hﬂving%Vélﬁﬁfcfi‘ﬁﬁGrtﬁéf&n,tWhéﬂeﬁi fRe3slot

wherein the blfock I1s sectured to the el ongated support.

belg siked touppeive aporntion afahe etbnpatédsupporntheteinr 4,
wherei n the bl ock havi ng edge surfaces constructed and
arranged to contact adjacent elongated nenbers. 6. The

support vi ce according to.claimb5b erein the edge
sur Faces Mestpalficlyicdbergedo fisim Sovheietn LigpRcRgs
dReGtSHB & a&u ch of the support nenbers having
Sea ?i rst thiofz1 ness gﬂgﬁeach of the | ocking assenblies
havi ng a second thickness, wherein the second
thickness is greater than the first thickness. 8. The

support ddigi uppagdsvitenaroopdiagyo ehaimst3 ond, yhersinitigblock
naidis S ot DR ushased futaned adiieed slindalpa

methdg, substantially the entire Iength of the el ongated
support. 9. The support device according to claim8,
wherei n the bundl e of el ongated nenbers having an
interior and an outer periphery, wherein the el ongated
support Heisugpartidevice ancdrdingpo ethinoS bewherimtiededge surfaces

h I ¢ini f th
ard BSnflg! M 1Y Of the

7. The support device according to claim 5, wherein each of the
support members having a first thickness and each of the locking assemblies

having a second thickness, wherein the second thickness is greater than the first
thickness.

8. The support device according to any one of the preceding claims,
wherein the elongated support having a length, wherein the plurality of support
members being spaced along substantially the entire length of the elongated

support.

9. The support device according to claim 8, wherein the bundle of
elongated members having an interior and an outer periphery, wherein the
elongated support having a first end adapted to be located in the vicinity of the
outer periphery, wherein the at least one locking assembly being located adjacent

the first end.



outer periphery, wherein the at |east one | ocking
assenbly being | ocated adjacent the first end. 10. The
W@ apposds4zievi ce according to claiml, wherei n PEADOSWNS/007728
the at | east one | ocking assenbly being | ocated on
only one side of the elongakﬁg support, such that a
portion of the | ocking assenbly being positioned
‘bet ween adj acent supporting assenblies on one side of
the el ongated support. 11. The support device
acces.di gk Qupbétt MetRe dMBFAhE to BT viRALIHEdch of the at
conprising a ock secured to the el ongated support.
leadtZoneNloek mgrazeeinbliebeing lacated dnnghly @nelsidewflthe clbrgsied
the bl ock having ed%e surfaces constructed and
supporta syehithas aqutign of 4y lacking assempdy dgingepesitigned between
.The support devic%.accordin to ﬁlain112, wherein the
adjgﬁedg ngB@aLngsasgprg ligs, QR Spe side of the elongated support.

11.  The support device according to claim 10, wherein locking

assembly comprising a block secured to the elongated support.

12.  The support device according to claim 11, wherein the block
having edge surfaces constructed and arranged to contact adjacent elongated

members.

13.  The support device according to claim 12, wherein the edge

surfaces are rounded.



