SUPPORT SYSTEM FOR TUBE BUNDLE DEVI CES Field of the

I nvention [0001] The present invention relates to tube
whedietisevi ces such as heat exchangers, condePGEDS2008034808

ot her collection of tubes, for exanple, in devices

such as nuclear reactor cores, electrical heaters, or

any collection of parallel cylindrical shapes that has

a fluid f|OMIpaSSIng over then1 and nore particularly
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perforrmance. Fouling may al so cause an increased

pressure drop in connection with the fluid fl ow ng on
[0008he ©Ons ioflheoprobbemeassoaraeat wiidld tlid uidef hygteexchaigeas is the

exchanger_ which is comonly used in comerci al
tendency toward fouling. Fouling refers to the formation of various deposits and

coatings on the surfaces of heat exchangers as a result of process fluid flow and
heat transfer. There are various types of fouling including corrosion, mineral
deposits, polymerization, crystallization, c oking, sedimentation and biological.
In the case of corrosion, the surfaces of the heat exchanger can become corroded
as a result of the interaction between the pxocess fluids and the materials used in
the construction of the heat exchanger. The situation is made even worse due to
the fact that various fouling types can intexact with each other to cause even
more fouling. Fouling can and does result in additional resistance with respect
to the heat transfer and thus decreased heat transfer performance. Fouling may
also cause an increased pressure drop in connection with the fluid flowing on the

inside of the exchanger.



equi pnent is the shell-and-tube exchanger in which one
fluid flows on the inside o f the tubes, while the
wo@ehen4fiBuid is forced through the shell and OREF/USI05/034808

outside of the tubes. Typically, baffles are placed to
support the tubes and t o force the fluid across the

tube bundl e in a desirabl e2manner. [0005] Foul ing can

be decreased by the use of higher fluid velocities. In
fact, one study has shown at a reduction.in fouling11
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_the device.[0007] Different types of baffles are
with brgheHuidbwelorifiessed. One ty e, segnental baffles, is

unacceptabl e for the | owfouling heat exchangers
[OOO%fSCMa%%IdhéaQ e%ﬁan%%?seﬂdds%%day contain baffles. Baffles are inter-

posed in the fluid path in order to provide support for the tubes and to ensure that
the fluid on the outside the tubes flows in the desired direction withx respect to
the tubes. Unfortunately, however, baffles may increase fouling because of the
dead zones they create on the shell side of the exchanger where flow is minimal
or even non-existent. A further problem encountered in heat exchamgers fitted
with baffles is thét cross flow may result in potential damage to the tubes as a
result of flow-induced vibration. In the case of such damage, proce sses must

often be interrupted or shut down in order to repair the device.



appl i cati on because they produce many zones either
with ow velocity flow or even no flow at all

W0 p@seadBng t he probability of fouling. O her PEPES2005/034808
(multiple styles including rods, strips,
tw sted-tubes) may create longitudinal flowin the
central area of the exchadger but these technol ogies
| ack the inherent strength and flexibility of
configuration of the coiled tube ﬁuppo shown in our
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exchaﬁgggxlsl -and-tube heat exchanger of the present invention

efipl'oys helically coiled wires to forma spaci ng and

support structure for the tubes arranged in the -
[0008] t I TRRGUb&KupEGE sgytent ivith voiléd tuttersmpperis, doschidrgein

shell. The wire of the coil, which is undl%ﬁar ound

Applicatier Nax d 0{2eE26 nisymesthy saitable fgs the inkipg by arrangement
although, as described in the application, it may also be used with the triangular
tube configuration. In Application No. 10/209,126, the support structure uses
spacer coils, which surround each tube in the bundle. For example, with the
triangular tube configuration, the coils surround all the tubes in th.e bundle with
coils on adjacent tubes being wrapped in opposite directions (clockwise and
counterclockwise) so that theey overlap in the inter-tube region and can be

welded together to form an integrated, unitary structure.

[0009] The shell-and-tube heat exchanger of the present invention employs
helically coiled wires to form a spacing and support structure for the tubes
arranged in the triangular configuration within the heat exchanger shell. The

wire of the coil, which is wound around alternate tubes in the bundle, has a



t hi ckness (dianeter for a circular wire) substantially

equal to the space between the heat exchanger tubes.
wab@eoxabanger, in addition to the coil encasedPCTOER05/034808

preferably uses sealing devices of particular

configurations to achieve the desired flow patterns.

Wth exchangers of this cofstruction, tlie potenti a

for dead zones is reduced and the high velocity axia
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Drawi ngs [0011] Figure 1 is a sinplified cross-section
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Dravwi@es tube passes, U shaped tubes, renovable tube
bundl e designs, and

[0011] Figure 1 is a simplified cross-section of a hypothetical heat exchanger

incorporating the coil-encased tubes together with sealing devices and tie rod

configurations.

[0012] Figure 2 is a simplified cross-section of a hypothetical heat exchanger
incorporating the coil-encased tubes with two alternative arrangements forx

stiffening the tube bundle.

Detailed Description

[0013] In Figure 1 the shell portion of a heat exchanger is shown to illustrate
the tube bundle constraction. While Figure 1 shows a shell-and-tube exclhanger
in the form of the preferred single-pass form, the invention is applicable in

principle to other forms of shell-and-tube exchangers such as, for example, two



exchangers known as nulti-tube doubl e pipes although
nore conplicated arrangenents nmay be required to fil
WO poobloet1addi ti onal void spaces in these ot her PCT/US2005/034808
configurations. [0014] The heat exchanger 10 of Figure
1 includes a shell 11 and a_tube bundle 12 in the
shel|. Tube bundl e 12 includés a nunber of paral | el
tubes in the trlangular configuration. The tubes are
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conﬁgutesloennse helically wound on the selected tubes in the
same nmanner as descri bed and shown in U S. Pat ent
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[0015] With the tubes arranged in a tri angular manner, the centermost tube 16
is provided with a coil surrounding it fox all or a part of its length. The radial
thickness of the coil material closely approximates the space between two
adjacent tubes. The radial thickness is determined radially with respect to the
tube around which it is wound; this will. of course, be the diameter of the usual
circular wire. The wire of the coils need not, however, be of circular cross-
section; it may have various alternative cross-sections such as square, elliptical,
rectangular, polygonal or other suitable geometric shapes and so may also be
considered to be a wire even though in rod, strip, tube or bar form. In such
cases, the radial thickness is to be taken as the transverse dimension of the coil,

perpendicular to its length. The coils may be hollow if desired. The wire



perpendi cular to its length. The coils may be hol |l ow
if desired. The wirematerial for the coils is
w@e@besabl y conpri sed of erosion/corrosi on-r esPGI/ESL005/034808

mat eri al such as stainless steel, titaniumor other
materials with simlar netallurgical characteristics.
[0016] Each coil should hafe two or nmore conplete
turns around the tube and be secured t o the tube

or wel ding. or,.an equjval ent process, .which
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metaﬁ&%‘idé\[c%g%ﬁsﬁa@e coils are placed on alternate
tubes 1n the bundle; as shown in Figure 1 this

provides the desired tube spacing and because the
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tubes whicli do not have a surroundi ng support_coil
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ho wel l. [0017] Coils may be di sposed conti nuously

the bahdletiviagtthbesncinihg spacing laydistppert poB$ eneans that cacatube

. the coil_ supports at spaced intervals alo t he axi al
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( ong at each loctation with the |ocations spaced at
At thenuesv alige0df trpubk ibmatk somoOabesvitimot| havehother tubes (or
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[0017] Codls may be disposed continuously along the tubes but normally it is
preferred to locate the coil supports at spaced intervals along the axial length of
the tubes in the same manner as shown in Figure 1 of Application No.
10/209,126 (Publication No. 20030178187Al, corresponding to EP 1347258).
Typically, the support coils would be from about 50-80 can long at each location
with the locations spaced at intervals of approximately 100-150 cm. If this
arrangement is used, as is preferred, the coils at the second axial location may be
provided ony the tubes that did not receive coils in the first location, with this
sequence al ternated throughout the length of the tubes. Even though this

alternating arrangement is not essential, it provides some symmetry to the



sequence alternated throughout the length of the

tubes. Even though this alternating arrangenent is not
we@swentd1al , it provides sonme symmetry to theshedT/BE51e5/034808

fl ow al though at the disadvantage that none of the

tubes can be replaced in the future. If the coils are

provi ded only on sel ected tUbes as shown in Fig. 1,

t he renmi ning tubes can be replaced. [0018] Additional

mxing to the shellside fluid may be p ‘ngi dgd b%}
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mngfﬂ Biﬁeynﬁﬁjnggﬁgw@ﬂh%e%pm%drepl aced with tie rods

chas tier Oin Figure 1. In this case, only one
rod is shown for sinplicity and to permt the figure
[0018]0 Kditibhel mixiag td eht yheHsido find mangbe poonded by taltornating
greferat>Ly used with the coil-supported tubes. In an
left-hended anskuiphinbardedt@ils atithawamelapiel lasafipn@s well as at

Symetrically around the tube bundl e as necessary, to
dﬁf‘ﬁ%ﬁ%’&éﬂ@?? ‘h to the bundle. These tie rods
preferably have a smaller dianmeter than trie tube
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wre coils 2 1 1n the same manner as the tubes. _
repldkel Witk @ds afich hetié od 2asn FiglreHi. clorthéscast, oily one rod is
encircling coil_ should be chosen so that t

he .
shownifbesisadsityrangd wassrmisshe figyse to shpwihe ather feafgres n
adj acent t . I- t (W
excIEeRE RGEVTITRE HET B sr Lo i EaRy - HHBE el aBbes; O an
actulal! Qf&ﬁﬁg& Heqdt Roullebd B deed St emvally fodagditBeathd o
enter partway into the second tubesheet "to receive a
bundld £ m@eapaneiprovidenseeigthrtp the bendilat i Thedsy tietody prefprably

end in a stiffener prior to reaching the second
have aisoullse tiansstar fun the tibe QUPEaMRSTiM WL DEEraply;glsg be
i.n _conyention eat_.exchanger constructiona[0
prowfl e gIS 20 Y G ey ag g filpg e b e
. ) r . . \ .l_
e GBI YIRS nth g XS et by gy o
enc&edmpd 0PpA&Dsuppotty tcs at leasetvso adjachat tubbeabshaive. During

hel d toget her adequately. These stiffener trlrlerrfbers
constivactich dfetha ¢aeharges, thejeaaflssemthreadedaptp the first tubesheet

from the shellside. They may be designed to enter partway into the second
tubesheet to receive a sliding expansion connection; alternatively, they may end
in a stiffener prior to reaching the second tubesheet, similar to the construction

frequently used in conventional heat exchanger construction.

[0020] As shown in Figure 2, (which omits repeating most reference numerals
for clarity) stiffener members (30, 31) are preferably provided around the tube
bundle every 100-150 cm or so to ensure that the bundle is held together
adequately. These stiffener members, should be added starting adjacent the end
where the tie rods are firmly attached to the tubesheet. The stiffener members

may be made of curved pieces (31) (pieces cut out of pipes) or flat bars (30) One



where the tie rods are firnmnly attached to the
t ubesheet. The stiffener nenbers may be nmade of curved
w@e@eest1§8 1) (pieces cut out of pipes) or flaPChHHSER05/034808
(30) Oneof eacli type is shown in a fragnentary manner
in Figure 2; in actual construc tion, the stiffener
must surround the tube bundte in order to keep the
bundle rigidly held together In the case of the
stiffener being a.flat plate, as.indicated by 30 in
of eagiby Re 1. ShONG Wb GoBIRRIZEY MAnesh it FheHEi2t i dqtdal construc-
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ubes or the tie rods. [0022] The coils surroundi ng

the tubes within their internal periphery serve to
[0021pr ovI e depthaifithe atiffenersdpatallebta the axisexf tha tubes) may

. byndl e. The spaci ng and support coils extend all
typicay YAy bewtgnthe 7 oand; Srmetahabaes: they giogep
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di sposed at two or nore | ocations along the I ength of

the tieheodubes, for exanple, coils about 20-50 cm | ong at
interval s of about 50-150 cm preferably <50-100 cm
For .exanple, a
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coils may extend all the way along the tubes from tubesheet to tubesheet with a
corresponding gain in structural rigidity but in most cases, it is sufficient to have
shorter coils which extend only a short distance alon.g the tubes disposed at two
or moxe locations along the length of the tubes, for example, coils about 20-50
cm long at intervals of about 50-150 cm, preferably €0-100 cm. For example, a
coil structure may begin about 30 cm from one tubesheet and then extend
approximately 20 cm. This could be followed by a gap of approximately 60-cm
followed by another length of coil structure and so om. Whether coiled all the

way along the tube or located intermittently, the coil should preferably make at



foll owed by another length of coil structure and so
on. Wiether coiled all the way al ong the tube or

wo omaved3i ntepnittently, the coiL shoul d pref er@big2005/034808
make atleast two conplete tuiti s around the | ength of
the tube for adequate support and proper tube spacing.
[0023] In making up the t ube~ bundl e, the coils may be
pre-fabricated according to specified dianmeter, tube

itch and coil pitch.requirenmepts. Such efabri cate
teast{gio rigtcBas B G YR EnBiLor B pBS for MedthedcotpRrg and
propét! '\éisﬁg@ﬁl coils are then placed around the tubes and
rods a ag'tachedtothem(e.g., el ectrical arc

wel di ng may be used). [0024] Rectangul ar seal i ng
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strips 23 may al so aced I n ot egions at t

weldpey iaydreyusedl).t he tube bundle in order to direct and
maintain fluid flowin the correct, desired nanner.

The_sealing strips may be secured in the conventi onal )
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exchanger shell. [0025] Longitudinal sealing strips
versengppliag Seipe2d i audy adsmbe plageqd inether regions at thewperpheey of the
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rods bntwaiky btler apprbpriateepagofidic tbe bandlededllwhé sdatihgetrips

bundl es, these regions cantggnerally be cat egori zed as
musttl pavestdpguate] asgicsnbstween the end @é thesstrip andrﬂiat,ubesheet(S)

bet the.insid f.Lh hel | d th
so asdigt 3 GRFUBPE pHERaio Pihiem e R0 Lales anBaHErE WisdE i ng
convehtidRH1yOfwill be located on the side of the exchanger shell.

[0025] Longitudinal sealing strips may also be used to maintair axial fluid flow
m the region directly around the tubes, that is, to prevent the flui d moving out
mto the regions outside the periphery of the tube bundle where heat exchange is
less effective. Because the tube bundle is polygonal in outline, either hexagonal
or 12-sided with larger bundles, these regions can generally be categorized as the
segmental regions, six or twelve in number, between the inside of the exchanger
shell and the straight peripheral limits of the tube bundle. Sealing strips of
inwardly convex curved shape may be used here, as indicated by~ 25 in the

figure. These sealing strips extend along the length of the tube bundle except at



i nwardly convex curved shape may be used here, as
indicated by 25 in the figure. These sealing strips

wezxaendtial ong the | ength of the tube bundl e exPE€pUS2005/034808
atthe ends of the bundle so as to permt free fluid
flowin these end areas to . the fluid inlet and outlet.
Curved strips 25 may be sédfred to the bundle via tie
rods and by nmeans of the stiffeners provided around

the ehl§ oBHCHE i §o “ReRtabt b i Aoy B nest pdaresSi he
i BHASRURRCRTVBEGRIDRL MDD so Pl o MM vig e rods
and tpy afeanabf yhomdeeharseproegteddratind ehierbuhdlle, a8 shotginaFig. 2.

.reinforcing wire 26 on the surface which follows a
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stripd &R prefdr§blly flad 88nfLidMeMiG FRANGth 4o ﬁ%gré’l‘r@ﬁ]ﬁrdﬂlg Svire
around, for exanple, a tube (e.g., such aS one of the

26 on thresurfacetwkich ffidldund helioal pathtaheng snd tabbys thieZace of the
tube which will be effective for sealing or sug;)ort

segmsnf fothessama wRy athak thee syppart eeits fallaw the dubes pljch they
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bundl®or nothbeswitabéy myedabeovhith will be effectsitveifor akgligy of S

conplete length or, alternatively, in selected
supp@légmn@%esﬁlw%m AgY ey diaveeier Brie @spipehdsergnde seqise an

.regions on, -the.tubes with spacing/support Lwi.res if
encirgfffle W10 bt Yrine Esiepe M et e Rk Al 16 ¥t gne of
. . it .
the s he oTTNCRSRINER G i IS BhAGRARY B SRTeral
equah?ie&éﬁ(ﬁ. gt ibe). orThebare mhagbet @il aftaithefdttip chldh®ivs
closely around thie tube(s) for effective heat
completeriength emalternativalyieinssolected negions, eppaopgiatalpgbese corres-

f t t ub t o .i,nhi bi.t i b i . T
pondisgh to € 1bAHS Sy B Bibek Ryt Spatibe P PRgaE e pbgg are
not cGRINERH) AR D! dift 6°EnePin (L' THE B BA SULARA: with its
attacB@Boliftdcai then faycbieonugfsttiaslyam ploviddatp yert (o mhy adjacent

indicated in Fig. 1; however, in an actual exchanger,
tube phaybes@ldadtopsaigi tapolead flow closely around thie tube(s) for effective

heat transfer while, at the same time, providing support for the tube(s) so as to
inhibit vibration. The segmental support/sealing strip can. be fixed in place
conventionally by the use of stiffeners provided around thie tube bundle. Similar
strips 27 without the spacing wire may be used as an alternative (only one
indicated in Fig. 1; howewer, in an actual exchanger, they would be disposed
evenly around the tube bundle in the six or more segmental regions between the
edges of the bundle and the shell). This option is, however, less preferred than
the wire-surfaced strips as it would tend to create dead zomes adjacent to the

tube.



evenly around the tube bundle in the six or nore
segnmental regions between the edges of the bundl e and
wWo b@e®haBl ). This option is, however, |ess prePE&r/Dsm05/034808
than the wire-surfaced strips a s it would tend to
create dead zones adjacent_fo the tube.[0026] A
strai ner of sone form shoul "normal |y be used at sone
point in the process line prior to reaching the heat
exchanger. This is inportant in order to avoid any
ebpi OlR t ped i thi exch r. of
(0026f p oA BRI Bt P Tl TRy 6 DS S REPRL B e
procéss $Reqfridi e rBfeHing M RBaeExcHangdf b ThEs Riinmpok@hORx order to
enough size or of "a | arge enough anount re to enter
avoid &y Helatis becorhimggeappefl whthipitles hait éxchengéraf thepresent
) fact, any currently existing heat exchanger) fluid ‘
invenfioifhards adihe Be o dershellide RE tisohert carhaassaelrybris of

h (o L nef f tive A preferred form of
o el B ERA00 gk BFHER kS Ot RLGNFE BB @ltanger
of thd Bf&aenBilentiOR 2o i bRt HRG MR ISSeitidd Beft re%ﬁﬁ&?tﬁgmuid
are preferably uSed in heat exchangers and ot her tTube
velodituemit an bevedresd so the peirtwfdenderiag thuhdat @xchasgt oineffec-
. cores, electrical heaters or_other_collections of,
tive. ghprtfeeddorm pdsiramer i alsestied in 1.9i Ratenbipplisaiieg No.
10/688%8% them Preferred types of heat exchanger in which
e ‘present tube bundl es may be used are those
described in U S. Patent Applications Nos. 10/209082,

0027F Or TS AR 14O ERe bPd rleyhb ThE PYSErdita Lis&K fREgE
[ Iv:vith Reduced Foul i ng;ﬁﬁl 0/ %%@126, 9corrralc-gigzgz)lo?}di ng to EP

exchaiger28@8d Othea ttulkexbinadlg die it esnsiilihr asugdndEnbers Sopgeart s¢actor

10/ 41473 1, correégondi ng to EP 1357344 (| nproved Heat
coresggloRiifge eaerhorpibsr roldecans of pardls] cylindrical shapssivaith

. Af Lon 4 f.er f t he shel |
i o F R SEADLAT B BRERELSY AR Ao ol i Bl e
preseBt aftRahld@ed 1'?1@%/ bR eHANRrRSS Hedtriteday (KR pagagent be

enpl oyed as between the two different fluids although
Applmations dlost €0/200082t cofie spanding tio EPn134FA6dvwImpreved Heat

conbi nation of cocurrent and countercurrent flow ma
Exchangey \Bglg ﬁ@@u@%ﬁpgﬁpﬂhp@9 126, corresponding to EP 1347258

(Heat Exchanger Flow Through Tube Supports); 10/414731, correspomding to
EP 1357344 (Improved Heat Exchanger with Floating Head).

[0028] In use, an axial flow configuration is preferably used for the shell side
fluid in the exchanger. In addition 1t is also preferable that a countercuarrent flow
arrangement be employed as between the two different fluids although a non-
countercurrent (i.e., cocurrent) flow or a combination of cocurrent and

countercurrent flow may also be implemented.



1. A tube bundle device conprising: a plurality of
parallel tubes in a triangular configuration in which
WO owes44aBEe adj acent and spaced from si x surrouPdi/ng005/034808
tubes; tubes in the tube bundle having wire
spacer/support el enments conprising spacer/support
coils of helically wound 'rial in whicli at |east a
portion of the Iength of each of the tubes having the
S er/ support elenent is contained within the
C1J¥ﬁﬁé%ior circunference of a spacer/support coil
wherein each tube with a spacer/support coil being in
cont ak tutanbyndie dbvicebempadsigh do not have a spacer/
support coil and each tube w thout a spacer/support
COh IplinSility of patatiel tubsk n Wittimgulixesonfigisiativnainewhich tubes
spacer/support_coil. 2. A tube bundl e device according
are &‘fgaeﬂlﬁiandlsphw(bﬂﬂmi susioaupding tabetiel | and- tube heat
exchanger, wherein the shell-and-tube heat exchanger
cotdreisan e tubedhmidle havidg wize spaser/suppidet ¢lemicats comprising
contai ned |n e.shel |, erein the plyrality of .
spacsEPUPPAI cpilbeb heicalfian PrbhALe i il dL elepdh SPgrtion of the
tengBESFOAult YPARRGL: halfIRE Bkl LA ol EHOR Torink  Rychin
the fndes difcusPREshck v al spaesr/duppbliecdiyndl e apart by a
di stance approxi mately the radial thickness of the
COlyh fBh&IabBtubSwithhesfadBesiipst @oiﬂeaﬁg iine6Madt balyt with
claim1l1, vherein the radial thickness of the coi
tubesatlgich alo mytirave iansphes/ sigpapacit abdeaete tubaovigliputcent
tubes to space the tubes in the bundl e apart by
spacgr/suppeis ca 37 ax cortae gnly math Brbes whigh g!@rYé’s% Sl’&cerﬁgpport
coil material.4. The tube bundl e device according to
any one of the preceding clains, wherein the coil has
two or nore conplete turns around the tube which it

Subrog B9e bundle device according to claim 1 in combination with a shell-

coil

and-tube heat exchanger, wherein the shell-and-tube heat exchanger comprising:

a shell; and
the tube bundle device contained in the shell,

wherein the plurality of parallel tubes extend from a first tubesheet to a second
tubesheet,

wherein the radial thickness of the coil material approximating the space
between adjacent tubes to space the tubes in the bundle apart by a distance
approximately the radial thickness of the coil material.

3. The tube bundle device according to claim 1, wherein the radial
thickness of the coil material approximates the space between two adjacent tubes
to space the tubes in the bundle apart by a distance approximately the radial
thickness of the coil material.



5. The tube bundl e device according to any one of the
precedi ng clains, wherein the coils are disposed on
wo b@outies at a plurality of axially spaced | ORPEX/US2985/034808
along the length of the tubes. 6. The tube bundl e
devi ce according to claimb5, wherein the
spacer/support coils are wbtind helical ly cl ockw se on
the tubes at one axial |ocation and helically
count er-cl ockwi se at an adj acent axialg%géation .7

THe The&hs nde QW%?%QW& RFmnEgt Bisdreeding ¢laims,
1 to 5, . i
wherbg e Sl S5 il SR R PNR BERER Sasepa

surroligg®i ni ng portion of tubes with spacer/support coils
wound on them have the coils wound helically
counter-cl ockwi se. 8. The tube bundl e device according
t &. afije tute indldhd epviex actiording tai any, ofauof therpreeadbitigs¢lagns,

tie rods for the tube bundl e extepding froma first
whereinbbsitoals are dispeeedmn 3@5@?% ata Pgl.raﬂ%of{ %@?Bb shared

devi ce agcofr di claim8, wherein the tie rods
locahcowﬁ)%&}eglgggﬁ%ﬁ ﬂée tﬂ%reé' surface spacer/support

el enents conprising helically wound nateri al

S, I PHE gitRObdidlé BRSicafdrilindtoddlainh 6, WeRedih thé t he

rods, wherein the radial thickness of the coil .
spacarsuppbe] caslsrare wodimd helieally dbckppsosi the Bbes htomsapdal

bet ween ea tie rod,and at | east,. one tubg of .t he tube
locatiga fE e AL QR ClIGViBE ah i ALIACHBLLAL PRS0

di stance approximately the radial thiclcness of the

j | ial . . ' ' .
o T B o b, Gt g
somegéiblﬁ% t80és H&\%“ﬁ&)&&&%/ supBoFtQbils MounldBeliddl§ dlueldlRse on the

evi ce according to any one of the preceding clains,

tubes antd therreamaipimiggiontyicir aisibes setls sadden'gupsport psil§ wound on
segnent al _regions around the periphery of the tube

themhavethe cailfaawndi ICHEHY SRURETEIPARMIEE t he t ube bundl e
away fromthe segnental regions along the I ength of

le, i : g _
oy OHETe bkl BRIk Ao & ARYbREOPBRAELAGid Pclaims,
further comprising tie rods for the tube bundle extending from a first tubesheet

to a second tubesheet.

9. The tube bundle device according to claim 8, wherein the tie rods
comprise rods having wire surface spacer/support elements comprising helically
wound material surrounding; at least a portion of the length of the rods, wherein
the radial thickness of the coil material surrounding the rods approximates the
space between each tie rod and at least one tube of the tube bundle to space the
rods from the tubes apart by a distance approximately the radial thickness of the

coil material.

10. The tube bundle device according to claim 8, wherein the tie rods are

in contact with the tubes adj acent the tie rods.



further conprising |ongitudinal sealing strips in
segnental regions around the periphery of the tube
whewvdhet1iso maintain flow of fluid into the tubeChusmb®034808
away fromthe segnental regions along the I ength of
the bundle. 13. The tube bundl e device according to
claim 12, wnerein the | on‘g}‘{w‘udi nal sealing strips
clorrpri se tubul ar segnents havi ng spacer/ support
el ement s _conpri sing helicall und nat ex jLal .
S0 obharHge munple devige tctrithg Brbray e iJi procding
- etgi ot Len . . : ) .
claim§. firftfs edfapriie (R YRR AE LIRS, R SEERLIAL EqkiCh#hrDund
the p&ptindy B tieeitabe dundiumodnnmtiindl dvoogiftuidiintal tist tubgsbundle
approxi mati ng the space between each strip_ and at
away| tthe segimensaloregians along thauleagth elothsungllene strip
fromthe tubes apart by a di stance approximtely the
radi al thickness of the coil. material. 15 The tuybe

bdRd  Ercfeia Bundlegleaiaraecarding ey st Hbre Berping gims,

transver.se seaki trl L '
furn o ST ORGP Lo BB SRR et
perip BihB thbeWwiid1é b hhintatflbieof fild iBtee ne@buhdleraway

thé segnental regions along the I ength of the bundle.
from e sémerttabee giond laborgethiedengthodfrthe byndls. cl ai m 2,

further conprising |ongitudinal sealing strips in

segnent al regions between the periphery of the tube

burd) Bheinpe bredistaica srcosinedp ﬁlarlnb%%dw{lﬂr%ﬂ%&lﬁnt 0
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elements comprising helically wound material surrounding at least a portion of

the length of the strips.

14. The tube bundle device according to claim 13, wherein the radial
thickness of the helically wound material surrounding the longitudinal strips
approximating the space between each strip and at least one tube of the tube
bundle to space the strip from the tubes apart by a distance approximately the
radial thickness of” the coil material.

15. The tube bundle device according to claim 2, further comprising
transverse sealing strips in segmental regions between the periphery of the tube
bundle and the shell to maintain flow of fluid into the tube bundle away from the
segmental regions along the length of the bundle.

16. The tube bundle device according to claim 2, further comprising
longitudinal sealing strips in segmental regions between the periphery of the
tube bundle and thie shell to maintain flow of fluid into the tuube bundle away
from the segmental regions along the length of the bundle.



