WD 2006/ 044131 PCT/ US2005/ 034808 SUPPORT SYSTEM FOR TUBE BUNDLE DEVI CES
Field of the Invention [0001] The present invention relates to tube bundle
devi ces such as heat exchangers, condensers, or other collection of tubes,
for exanpi8.aodsaflgyi ces such as nucl ear reactor corescdie6ispsspd heaters,
or any collection of parallel cylindrical shapes that has a fluid fl ow
passi ng over them and nore particuI?rIy to support structures for heat
exchanger tubes within heat exchanger "devi ces. Background of the Invention
[ 0002] Heat exchangers were devel oped many decades ago and they continue to
be extrenely usef | appl ical | r L] ransfer. \Wile many
| nprovenents to t i § g?@ﬂ&ﬁﬁ%gqggggﬁ.ugétﬁg%é. i1l exist tradeoffs
and design problens associated with the inclusion of heat exchangers within

conmer ci f eSRE, .ﬁO[HOOOB] One of the problens associated with the use of
heat excﬁ%‘%‘éﬁé—ﬁ—%&— tendency toward fouling. Fouling refers to the
formatio f various deposits a cqQatings on.the surfaces of heat
exchange@g&is F@’E%Fﬁnﬁ#' n&rg@a&esﬁp%eﬁ&ﬁ%ﬂﬁac Ltaﬁzlﬁgtf er. There are
various &xingagdt, doidbhdeds, iR ot icBle@Rin OF tilids, fortRhfiple, HeROGLES |

polynmeri zation, crystallization, coking, sedinentation and biological. In
t he caseswh ssonchesi mactariverssuelicatizs] fatetss oneay colettmgafipacaliclbeconme

corroded .as, a result of. the,injgeraction bet n the process fluids and the
ot e+ 1 @y iiiffal sHabes ot by Aot fioR FeESReEyeE Trote LGS bRttt vt on | <
made ev 88 sHuBnk& fok Beat'eat A& waH ﬁlfl@&t"e&xgépﬂ jE&y) 1 nteract

wth eagﬂﬁ’%\fpﬁer Sto caﬁsg evaen irlr%éég ?U(L)u?siy ng. Foul ie%g can aﬁ\cril %(;es result in
additional resistance with respect to the heat transfer and thus decreased

heat traj ganventioBoul i ng may al so cause an increased pressure

drop in connection with the fluid flowing on the inside of the exchanger.
[0002] Heat exchangers were developed many decades ago and they continue

—
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to be extremely useful in many applicatiorys requiring heat transfer. While many
improvements to the basic design have been made, there still exist fradeoffs and
design problems associated with the inclusion of heat e¢xchangers within

commercial processes.

[0003] One of the problems associated writh the use of heat exchangers is the
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 beat 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.




WO 2006/ 044131 PCT/ US2005/ 034808 -2 [0004] One type of heat exchanger which
I's commonly used in conmmercial equipnment is the shell-and-tube exchanger in
which one fluid flows on the inside of the tubes, while the other fluid is
forced thrayefashiagsshel !l and over the outside of the Leally,
baffl es are pl al?:egnto support the tubes and to force t glilﬁ]sfoﬂ%%’qé@r oss the
tube bundle in a desirable manner. [0005] Fouling can be decreased by the
use of higher fluid velocities. In f&t, one study has shown that a
reduction in fouling in excess of 50%can result from a doubling of fluid
velocity. Wiile the use of higher fluid velocities can substantially

decr easel08p4lev EMneclypariof heat cxpbargstwhinh is mrmnlymsghmccfnmmmlalel ocities are
unfortunate t.t ai nabl e on de of gonven- tional
ahel | - angdinisnhBiEe Shelkanaares pRBEE o pinidh SUCTyiEs Sn BRHSHE which

are creabpftheubéd, Wvlhfheﬂléﬁbﬂi&'ﬂ\ﬁ’d’ 1s%§c§eh‘%ﬁrou@ﬁ%é‘§{elpélﬂb&%i‘ fajutghiben arises
in connection with the use of heat exchangers is tube vibration damage.
Tube vi of theitohes. sTymisally, baéliseara phicdd bkagppost the subdsiakdity foocotheur in cross
fl ow HB nt at i, ons Ex{ﬂ“wdf wis erpendicul ar to the tubes,

al t houg T0%A/ o) frifyed cur in non-crossflow (i.e.,

axial) inplenentations wth high fluid velocities. 10006] Many heat
exchange n § ] r din the

P ora oot ¥RGLLEANbE ARLAMLANA' fioTs; oFRishbRuB RIOGHES, AR 11 Lhe
f1uid onoﬁéletudytlmdhoﬁrhehdttatte&udﬁoﬁavmibmgm akesds RE0% catl esinlt Wdnh r espect
to the tubes, Unfortunately, however, baffles may |ncrease foul i ng because
of the wadgublingetflnkbyelesisat Whils theesesoldhighesifud oFlocHiesaghanger where flow

exchangen st TgRaRe BEoridhindle it TP BNR T, Dotent
damage tgelbbitick Wbe infdstuRatelye $ehérally uhhieiihable uf g Vil dllé GF convehhe case of

such damage, processes nust
tional shell-and-tube heat exchangers because of excessive pressure drops which

are created within the system by baffles. Amnother problem that often arises in
connection with the use of heat exchangers is tube vibration damages. Tube
vibration 1s most infense and damage is most likely to occur in cros s flow
implementations where fluid flow is perpendicular to the tubes, although tube
vibration damage can also occur in non-crossflow (i.e., axial) implementations
with high fluid velocities.

[0006] Many heat exchangers in use today 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 fbes flows in the desired direction with. respect to
the tubes. Unfortanately, 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 exchamngers fitted
with baffles is that 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.




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

2006/ 044131 PCT/ US2005/034808 -3 [00071 Different types of baffles are
conventionally used. One type, segnental baffles, is unacceptable for the

| ow f oul | Rgo bakeagechanger s descri bed in our co- pendi ' ,on because
t hey produce many zones either with |ow velocity fl ow%grrlﬁ]ggdé)%&ﬂ%dsf | ow at

all increasing the probability of fouling. Oher types (multiple styles
including rods, strips, twi sted-tubas) nmay create longitudinal flowin the
central area of the exchanger but these technol ogies |ack the inherent
strength and flexibility of configuration of the coiled tube supports shown
i n our [0088} pdiidifementityses dhafiiesApp cowentionalijousetld/ Q09116 segieathl 31 Jul y

2002, entitled Heat changer Flow Thyough Tube Suppogts .(Publication No.
200301% AL W%S?Rtégg&hﬂﬁﬁgsi%'fﬁ 138 %%Xﬁl}*‘,ﬂg\ﬁ%ﬁ @%gﬂt@r (¥ €8~ heat
exchan : ' | | t ' vel ocities
on t heggfﬁgj‘lﬁgrsa? ggﬁ%tidrfﬁ%ca‘ﬂ%%( %@ﬁgﬁoﬁﬂc#@g ?gggﬁ:ﬁ?cr{ v‘@rﬁl? Pgﬁyﬁ]égbg% evel opnent
of t he flosv beeverile fisupgtallt in cryssiegthetprobabilitydeff foalihy. &pthler ¢gidse to t he
triangyl ar,tube confjguration and which reover, allows the design of

nore c le stydey wehnd 5 EiDS kW htaibes) an otspteriangiisinal yppor t syst em
wth ce ' ' ' ' 0 26, is
st |y ST P Ep P RS oF th BREHEF b el LK FAOLRM AT, MRl T (5
t he appirkhgthimd, flexibilily ofESATiBErativabMhd boildd@bt kipmais showhiR@ur
configuration. In pl'ication No. 10/209, 126, the s;j)port structure uses

Ly

spacer coqiending i Patant ApplacaionNo U209 126 dilsd 3d1 Jely RO02equtifbde, with the
bunal o Htt FCReet Finaipa g T G hoed (BN BRa% 2RI TH Al ot T ons

(¢l ockwbigspiiding RMBP BT DS BY wEibh Wsdrilidls alRaY extHanbaPcbsthit@ionnt er - t ube

regi on and ‘can be welded together to forman integrated, unitary structure.
with coiled tube supports to allow high velocities on the shellside of the

exchanger. The present invention is a development of the coiled tube support
system which is directly applicable to the triangular tube configuration and
which, moreover, allows the design of more compact and less expensive

exchangers.

[0008] The tube support sy stem with coiled tube supports, described in
Application No. 10/209,126, is mostly suitable for the inline tube 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 configuratiom, the coils surround all the tubes in thee bundle with
coils on adjacent tubes being wrapped in opposite directions (clockwise and
counterclockwise) so that thiey 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 exchangex shell. The

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



[ 00091 The shel |l -and-tube heat exchanger of the present invention enploys
helically coiled wwres to forma spacing and support structure for the tubes
arranged in the triangular configuration within the heat exchanger shell.
The W re vwb 200004498 | , Which is wound around alternat e pl4RRS00kMs4kiRe bundl e,
has a WD 2006/ 044131 PCT/ US2005/ 034808 -4 radial thickness (dianeter for a
circular wire) substantially equal to the space between the heat exchanger
t ubes. The exchanger, in addition to4he coil- encased tubes preferably uses
seal i ng devices of particular configurations to achieve the desired flow

patterns. Wth exchangers of thi,s construction, the otential for dead
Dones. | Sadhigmesn @itRecs: éﬂﬁ W“é‘iﬁft‘\j“@)(ﬁ“gf’taﬁ@ly el t fe race

subst anty | ' elpURA .y reduces fl ow
haucod tenseh BT BRI Wi, BSRERRech ] TR b SRR T BIUEES 0T
provi desereasddeibésapretaablzoisdseubthg device ¢ tuldesirdipuritiing i needed to

operate the shellside at high velocities. This design nust use the

t ri angul aehievaitke depjediflovwrpaiterns eWithexshangersrof this consamiciomdda provi des t he
maxi mum t ubecount . wi,t hin _a giyen,shell di anefer. Thi,sy exghanger. can be

ot ol dedP I 208 defapnris s Sy dogPa A the frERRLaity abbl By BAERISCTE
mechani Cs%bstahﬁé]ﬂgé]jﬁ%aﬂés f&ﬁh@@%&vmé{‘@h& BipRl ANy PUIMERS flov@xi bi ity in
achieving the de sired shellside velocity by mhimzing flow bypassing.

Dr awi ngsindfi¢iditabe Fbgation thatsaa leadvul tubé ddmagmss- secti on of a hypot heti cal
heat exchanger incorporating the coil-encased tubes together with sealing

devi dtig.rod figurati . J,0012] Fi 2 i | oplified
cr oss- SdbtiPbn Dis FYRpBORHRRMAR e CREAG S VoSG isom ah esbeR et
coi | - enciasegic B ehohict hd YeINiA A bh VEIGRHcAN SRR st uSk hEeni ng ¢ he

t ube bun
triangular tube layout. This tube layout is most suitable as it provides the

maximum tubecount within a given shell diameter. This exchanger can be
provided with a larger mmumber of tie rods than necessary to achieve mechamical
integrity of the bundle, which also provides flexibility in achieving the de sired

shellside velocity by minimizing flow bypassing.

Drawings
[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 for

stiffening the tube bundle.

Detailed Description

[0013] In Figure 1 the shell portion of 3 heat exchanger is shown to illustrate
the tube bundle constraaction. While Figure 1 shows a shell-and-tube exchanger
in the form of the preferred single-pass form, the invention is applicable im

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



Detail ed Description [0013] In Figure 1 the shell portion of a heat
exchanger is shown to illustrate the tube bundle construction. Wile Figure
1 shows a shell-and-tube exchanger in the formof the preferred single-pass
form thewgeifsen is applicable in principle to ot hegriQidiSodos

shel | - and-tube exchangers such as, for exanple, two WD 2006/ 044131

PCT/ US2005/ 034808 5 or nore tube passes, U shaped tubes, renovabl e tube
bundl e designs, and exchangers knowndas nul ti-tube doubl e pipes although
nore conplicated arrangenents may be required to fill in the additional

voi d spaces in these otber. cqnfjgurations. [0014] The heat exchanger 10 of
Fi gure 1O°F FRAOTEGUE PASSEe| ‘Slﬂpeaﬁﬂf’%% ’E‘?}E'QVQWHELEC %gédlp:}leglggs, | 1. Tube bundl e
12 inclu wﬁg@[ | - i B figuration. The
t ubes ar gﬁﬁlgﬁlégl n %@é%ﬁ@?‘? tﬁé&&uﬁﬁ%%é}l%{ggyggdﬁr@%&a ’]llcg%Q of the tube
bundl e i artahgeraority endy BRiquirad nefill ibahe adiftkirabedid paceiarthegeasther t hi n t he

t ubesheets by wel ding and/ or by expanding the tubes into the tubesheets.

Al t er nat €onfigEgtign® provi ded with spacing and support coils 15, which
encircle the tubes in the bundle. The coils are helically wound on the

sel ected S Scrd i at ent
Appl i cat i[é)ozgflo.Tl%otﬁeg‘gsg%%ggi?%wﬁgf]?%%ggfé?y%ga?sgglrlrg?i%%grtﬂg ggg%l% ption of
the combeheha skl aribeburddid €2 eRiides P BERber of Pattalle]l RbesRthesyst em
however, the coils are applied only to the selected alternate tubes

al t hough triangulersenfigetatione| Bw, tubpseare dn¢ld indybasheetp fnotshown) lavatedati re | engt h
f the tub t, it. [0015] Wth the t d i
O i RS e of b pBRIE 6l ohyebOBRST mEhd. hee ety nopd 1 @
surr Oundbp&tmfes athifktle RbeshRB y WEldihg ah&f&ﬁtﬂéf- ex@ﬂdﬁ?%@hbe% hitgkness of the
h et ween two

coil matetrial closely approximat'es the“space
the tubesheets. Alternate tubes are provided with spacing and support coils 15,

which encircle the tubes in the bundle. The coils are helically wound on the
selected tubes in the same manner as described and shown in U.S. Patent
Application No. 10/209,126, to which reference is made for a description of the
complete and partial tube coil supports. In the present system, however, the

coils are applied only to the selected alternate tubes although, as described
below, the coils may be applied to the entire length of the tubes or to only part of
it.

[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




adj acent tubes. The radial thickness is determined radially with respect to
the tube around which it is wound; this will of course, be the dianmeter of
the usual circular wire. The wire of the coils need not, however, be of
circular avosmsosasiion; it may have various alternati wWrff9mSusgst | ons such
as square, elliptical, rectangular, polygonal or other suitable geonetric
shapes and so may also be considered to be a wire even though in rod,

strip, tube or bar form In such ca%$es, the radial thickness is to be taken
as the transverse dinension of the coil, perpendicular to its length. The
coils may be hollow if desired,  The mdrg go 2006/ 044131 PCT/ US2005/ 034808

6 mat erRaiprigldpr ithe cotls Ispreferablyrcompsisgd obfAnst gpsion-resistant

er osi on/ - 0S1,Q0- I es] er:i al | n):gs el, titanium or
ot hor it AriAREE ALHAATseel @R oMl ARl RESRRE® 1 o' 6"
coi | shewdtsihiipicealtolaravterigiics. conpl ete turns around the tube and be secured
to the tube (e.g., or welding or an equival ent process, which prefer- ably
does not create or |eave any sharp edges, which would tend to create).

Si mi | ar QW61 s Each el shewdd haye twe opmose cemplete tmsiasoned tha tubn and a sinil ar

Fraure PecruttioSnRaied(6E” B SR Bl AP A Dt "Cor 1o
provi de aBl d¢ds NBbEGENE ordBikeSaiyPMatp tdeb hhicbesu ltehBablcréag) act with the

outer surfaces of the tubes, the coils are capable of reduci'ng tube
vi br at i Gamilzhenils hier attacheddo dhe etbantubes inbths fomati e i grstmdahmahngr. t he
encasi ng.spaci ng and su rt coils neans that each tube..wt . surroundi ng
o 11 o TR gk Al Pl B Resrmasutenrh i e b it 2 Filet d i ng. suppor

coi | angyy Hé’selﬂméelié’sarbe‘ﬁatﬁﬁe Egﬁ,‘%‘ﬂ%’aﬁd‘ﬁéﬁauﬁc ﬁfércfgi‘rlﬁg%'&ﬂie &ﬂﬁfé@'b}a&x?%'t Is in

contact ‘only wth tubes whi ve a surroun support coil t he outer

edges ofantl Bepgarbeo the tites dyntheirebatactvvith trodutteserfatdesf thatiebes( tre even tie

rods) surroundi ng_themon all ides but in the body of the bundle, the
) 001rls are cag?able 0 reduc%lg tu%e v?brat?on. The re erenceyto alternate tubes in

the bundle aaving the encasing spacing and support coils means that each tube
with a surrounding coil is in contact only with tubes which do not have a
surroundings support coil and conversely, each tube without a surrounding
support coil is in contact only with tubes which have a suxrounding support coil.
At the outer edges of the tube bundle some tubes will not have other tubes (or
even tie rod s) surrounding them on all sides but in the body of the bundle, the
alternate rel ationship holds well.

[0017] Codils 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. 20030178187A1, corresponding to EP 1347258).
Typically, the support coils would be from about 50-80 cim 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 o the tubes that did not receive coils in the first location, with this
sequence al ternated throughout the length of the tubes. FEven though this

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




alternate relationship holds well. [0017] Coils maybe di sposed conti nuously
al ong the tubes but normally it is preferred to |ocate the coil supports at
spaced intervals along the axial length of the tubes in the sane manner as
shown in kygudosndsr®f Application No. 10/209, 126 (Publi |

20030178187A1, corresponding to EP 1347258). Typical | ??E{Lﬁgo"gﬁsﬁﬁ‘grt coils
woul d be from about 50-80 czn |long at each location wth the | ocations
spaced at intervals of approximtely-100-150 cm If this arrangenent is
used, as is preferred, the coils at the second axial |ocation nay be

provi ded on the tubes that did not receive coils in the first location, with

this seghedlside Bowalthavgdat the digidantageshtormgetofdhe ttbescabbs. Even t hough
this alternati.ng akrang nt is not essential, it prqovides sone synmetry to
the VIO 28006445 e Prateuds Bl asprovitied oaly on selerted ImoRs asslgNat t he

di sadvan th @ﬁ,}'ﬂ% e replaced in the future. If the
coils ar %@ggé\}f g{gdre%nl y Eﬂﬂggfggi?ge;reﬁﬁdb%eeg as showmn in Fig. 1, the remaining

tubes can be replaced. [0018] Additional mxing to the shellside fluid my
be provi dwds]by Aalditbomahmiring tb ahte-shalisidd fhundi nraiydiet prowrddd dycdietmtmg t he sanme
axi al location as Ll as at, different axial, |ocations. [0019] Sone of the
t ubes toi%?h@m%%@t%ga?dpﬁ@ﬂy apfhe gEestieh lacahgn %ewel.l%b%ced with tie
rods sucla-lﬁqa. =E Ln Figure 1. In this case, only one rod is shown
for sinplici F{l/ﬂ%rlfgqg%ﬁég?'rﬁt the figure to show the other features in

exchanger construction preferably used with the coil-supported tubes. In an

act ual exoohgingSometdfahe artestonagddehel onat pdipbyrnef the bablle mapbead t he tube
bundl e as necess_ar%/i, to provide strength to the bundle. These tie rods
pr ef er abFgplagedywitly tig seds sichas Akerad 2¢ HuRigure 1t I dup gassy oplygret@d 1and wil |

br ef er abloy. ol 36 o109 ¥h ARl ot Bl ShoRede D eRARE sNNer as the

tubes. T
exchanger construction preferably used with the coil-supported tubes. In an

actual exchanger, tie rods would be located symmetrically around the tube

bundle as necessary, to provide strength to the bundle. These tie rods preferably

have a smaller diameter than thee tube outer diameter and will preferably also be

provided with wire coils 21 in the same manner as the tubes. The diameter of

the tie rods and thickness of the encircling coil should be chosen so that the coil- !
encased rod supplies support to at least two adjacent tubes as shown. During w
construction of the exchanger, the tie rods are threaded into the first tubesheet

from the shellside. They may be designed to enter partway into the second

tubesheet fo 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 .(3 0, 31) are preferably provided around the tube
bundle every 100-150 cm or so to ensure that the bundie 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



the tie rods and thickness of the encircling coil should be chosen so that
the coil- encased rod supplies support to at |east two adjacent tubes as
shown. During construction of the exchanger, the tie rods are threaded into
the firstwigdeesdesh fromthe shellside. They may be dgsif8R6sd:808Nt er
partway into the second tubesheet to receive a sliding expansion
connection; alternatively, they may end in a stiffener prior to reaching

t he second tubesheet, simlar to the8onstruction frequently used in
conventi onal heat exchanger construction. [0020] As shown in Figure 2,
(which omits, repeating npst reference nunerals for clarity) stiffener
menber s qEgachiype 2y shoyn et HBgRentan mganerip dieyre Rein agftal gomstme every

100- 150 7 G St eSS il D BRUANNE Byl L GPEAperocuat el v

These stiTfener ers, e starting adjacent e end where
the ti e rigdls held togethiky IptHeanbedf the stiffenérthespectiat I%illa&, 2k tindieared byrenber s

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

(30) OnsWNip Bipues 84thedubpbmdisioomnstaineddo itshrexaganal ertwalveshides in a

f t her in Fi 2. i t.ual -t the .stiff t
sur T ound iR BLLHch Bt stres sk 3 31 b el fE BN P DGR o ¢ oget her
I n the Gaaeneke ERBuRE bfdsERBELAC NGithef LAL, Bk AHB RS s i Bfalnbd 1o 30 I n ‘

Figure 2, the tube bundle I's constrained to its hexagonal or twelve-sided
shape buhe iibes autovisiratsiol better Flatiplateastiffher 3Ouisedgldediéo thebmwilsB3dl e may
conform_to a noye circul ar, cross-section. In ejther case, the stiffeners
may be fHSVENREG Foupd Ewp hues 33 36 Quigrmosisting BB&H.at[fWQtOf Gte stiffener 3

40 is ' . / out er nost
on t he DA of Hehskapb defhing it YEGRBRE Y LB M0 & Wifibribngt UL 21 0001
t he bundieved stiffesérd | Rrwetdad 6y coilscld meiiI%on tthbees 6 Ahdi3y. v@ptiadllyo coils 34
and 39 agn tubes 36 and 37. Opti onal I%/, it mght also be welded to tie rod

20 or t dtwighnt also bgrweldeditmtic rash2®or i @ab2] sureuading1odf2% he stiffeners

(parallel to the axis of the tubes) may typically vary between 2 to 4 cm
and, as [&%]Ed ﬂg\ﬁ%ptht 0fthe ifrehd® '(ﬁ%lailgl to the axis of the tubes) may

typically vary between 2 to 4 cm. and, as noted above, they are typically

provided at intervals of 100-150 cm along the length of the bundle. The

stiffen ers are welded to the tie rods or to the wires wrapped around the tubes or

the tie rods.

[0022]  The coils surrounding the tubes within their internal periphery serve to
provide spacing and support to the tubes in the bundle. The spacing and support
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 lonig 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



provi ded at intervals of 100-150 cm along the Iength of the bundle. The
stiffeners are welded to the tie rods or to the wwres w rapped around the
tubes or the tie rods. [0022] The coils surrounding the tubes within their

i nternal weydoAAkMiSserve to provide spacing and suppopdérfi§obdBadosibes in the
bundl e. The spaci ng and support coils may extend all the way al ong the

tubes fromtubesheet to tubesheet wwth a corresponding gain in structural
rigidity but in nost cases, it is suff<icient to have shorter coils which
extend only a short distance along the tubes disposed at two or nore

| ocations along the | ength of e tubes,. for. e e, coils about 20-50 cm
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coil str, 2 EhA gin about 30 cm from one tubesheet and then extend
appr oxi %@e#y 0 cr%H%Thi s could be followed by a gap of approximtely 60-cm

foll owed by another length of coil structure and so on. Wether coiled all
t he wayomBpndnmhrkingbe the tibe btrdle] the eoils hiagritd pre-fabeicatid accbodihg

preferably make at WO 2006/ 044131 PCJ/ US2005/ 034808 -9 | e two conplete
turns art%mlﬁ%giwhtebe Piteh @%éﬁg Frich gemirsmenty pYack Peefabrigateder t ube
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requi r enidtled aruithe e ihd 8d dcandctidcBedfocthamn €4.8) kle @viaal &6l e from coi |
manuf acturers. Individual coils are then placed around the tubes and rods

and at t authdagmoay bensed)e. 9., electrical arc welding may be used). [00241
Rect angul ar sealing strips 22 are placed adjacent to the coil-encased tie

rods (t iegods of the.type.ingdicated by 20 transversel,y. with
r espect Tﬁ)&&]’[ héie"?ﬂa‘gglﬂf ﬁ?ﬁ&néﬁg“%{ﬁa?reﬂﬁ?)%%&dﬁ%flf@n iR 'Fﬂ‘é?sef%ledi rect the
fluid flogy iR Ae té® of tRE 9P MALVNLd LYY URE Trah Ser@lly @cith Ye&spRRIo theansfer to
take pl ace. Larger trans-

tubes (and the axial flow direction) in order to direct the fluid flow into the

region around the tubes for effective heat transfer to take place. Larger trans-

verse sealing strips 23 may also be placed in other regions at the periphery of the

tube bundle in order to direct and maintain fluid flow in the correct, desired

manner. The sealing stxips may be secured in the conventional mnanner to the tie

rods or to any other appropriate part of the tube bundle. All the sealing strips

mnst leave adequate clearance between the end of the strip and the tubesheet(s)

s0 as not to disrupt the flow to and from the fluid inlet and outlet which,

conventionally, will be located on the side of the exchanger shell.

[0025] Longitudinal sealing strips may also be used to maintain axial fluid flow
in the region directly around the tubes, that is, to prevent the flui d moving out
into the regions outside the periphery of the tube bundle where hueat exchange is
less effective. Because the tube bundle is polygonal in outline, esither 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 bundie. 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



verse sealing strips 23 may al so be placed in other regions at the periphery
of the tube bundle in order to direct and maintain fluid flowin the
correct, desired manner. The sealing strips nmay be secured in the

convent i ofgd 2008¢W97 to the tie rods or to any other apgfephoaisggopart of the
tube bundle. Al the sealing strips nust |eave adequate cl earance between

the end of the strip and the tubesheet(s) so as not to disrupt the flowto
and fromthe fluid inlet and outlet-Whifch, conventionally, will be |ocated
on the side of the exchanger sheII [ 00251 Longitudinal sealing strips may
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operational conditions. To this end, the strips are preferably made in a
segnent aviré arownd fol caamplet,egtube (e, rsluch o nge of the tW@san thtverbeur f ace whi ch
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encircling wire to tube using resistance welding or the like, as if it were one of
the tubes of the tube bundle and finally, split the tube longitudinally into several
equal pieces (e.g., four). The wire may be coiled onto the strip along its
complete length or, alternatively, in selected regions, appropriately those corres-
ponding to the regions on the tnbes with spacing/support wires if the tubes are
not completely encased from end to end in coil. The curved segment with its
attached wire can then function effectively to provide support to the adjacent
tube or tubes also to mairatain fluid 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 seggmental support/sealing strip cam. be fixed in place
conventionaily by the use of stiffeners provided around the 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 burxndle 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.




wire around, for exanple, a tube (e.g., such as one of the tubes in the tube
bundl e or another suitably sized tube which will be effective for sealing or
support purposes, such as a 5 cm dianmeter tube or pipe); second, secure an

enci rcl i ngoWhds@44191 t ube using resistance wel ding or thgddstusndfod I it were
one of the tubes of the tube bundle and finally, split the tube
longitudinally into several equal pieces (e.g., four). The wire may be
coiled onto the strip along its corfplete length or, alternatively, in

sel ected regions, appropriately those corres- ponding to the regions on the
tubes with spacing/support -wires if the tubes are not conpletely encased
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exchangen/64337% is inmportant in order to avoid any debris becom ng trapped

wi thin the heat exchanger of the present invention either in a tube or on

the shell side of the heat exchanger. LIE debris_of a Iargte enough si ze or
a
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exchangers and other tube bundle devices such as condensers, nuclear- reactor
cores, electrical heaters or other collections of parallel cylindrical shapes with
fluid flow passing over them. Preferred types of heat exchanger in whiich the
present tube bundles may be used are those described in U.S. Patent
Applications Nos. 10/209082, corresponding to EP 1347261 (Improved Heat
Exchanger with Reduced Fouling; 1 0/209126, 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 cqnﬁguration is preferably used for the shell side
fluid in the exchanger. In addition it is also preferable that a countercunrent 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.



of the present invention (or, in fact, any currently existing heat
exchanger) fluid velocities can be reduced to the point of rendering the
heat exchanger ineffec- tive. A preferred formof strainer is described in
U S. Patent Application No. 10/643377. [0027] The tube bundl es of the
present type are preferably used in heat exchangers and other tube bundle
devi ces such as condensers, nuclear red2tor cores, electrical heaters or
ot her collections of parallel cylindrical shapes with fluid flow passing
over them Preferred types of heat exchanger in which the present tube
bundl es ngyAbpgigised are those described in U S. Patent Applications Nos.
10/ 209082, corresponding to EP 1347261 (Il nproved Heat Exchanger with
Reduced Foul i ng; 10/209126, corresponding to EP 13 47258 (Heat Exchanger

Fl ow Through T r corresponding to EP 1357344
(Inprovedykbark gﬁgﬁggfﬁa%?ﬁ&ﬁéﬁ$§¥ng Head). [0028] In use, an axial flow

configuration alﬂuMIQf(ﬁi’pﬁkﬂl}jﬂ wbeqg whereirnt the phireity ofpaalel fubas areiarranded iexchanger .
In addition i Iso refﬁrabl e that a cgunter r.rent flow arrangement be
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wherein at | east
tubes being in contact with an exterior circumference of the support coil, wherein the

surrounding tubes with no tube support element located thereon being in contact only with
support elements;

at least one tie rod extending parallel to the plurality of parallel tubes; and

at least one tic rod support clement located on each of the at least one tie rod,
wherein the at least one tie rod comprising a helically wound material surrounding at least a

portion of a length of a tie rod.

2. 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.

3. The tube bundle device according to claim [, wherein the coil has two or more

complete turns around the tube which it surrounds.

4, The tube bundle device according to claim I, 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.



a portion of the length of each of the tubes having the tube support el enent
| ocated thereon 1is contained within an interior circunference of the
support coil, wherein the surrounding tubes being in contact with an
exterior circunference of the support coil, wherein the surrounding tubes
wi th no tube support elenent |ocated thereon being in contact only with
support elenents; at |least one tie rod! xtending parallel to the plurality
of parallel tubes; and at |east one tie rod support elenment |ocated on each
of the at least one tie rod, wherein the at |east one tie rod conprising a

hel i cal | y5, wourthefaetiindle devict atdbeding todlaihen irtlier cpaplisignloafinalihgngt h of a
tie rod. 2. The tube bundl e device according to claim1, wherein the radial

t hi cknesssealing siaps ip segmaepial egiens aspywd dhg pratpberytof thedpbilangls ingesintaipdlosyj acent
tubes to ?ﬂﬁf . i it A b$hARESH APRLOXi mat el y
the radia t?|gﬁneggﬂgﬁﬁ?ﬁga%%?ﬁnﬁﬂ?%%ﬁgﬁﬂ éf%$ﬁg tugeE%Uﬁgre gvice
accordi ngoundlecl ai m 1, wherein the coil has two or nore conplete turns
around the tube which it surrounds. 4. The tube bundl e device according to
claim1l1, wherein the radial thickness of the coil material surrounding the

rods appr@xi mefiRSubdindRaReicE atMRERg RAGINT 3, SvieRbh BRJomdituliBaBdealifdrifsube of
the tube bundle to space the rods fromthe tubes apart by a distance

appr oxi meogipyise ibulag sgementsiayiogspacessupppi elegientsipgmpripiag helicelly woundhe t ube
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mai nt ai n ddilomaterid] shdratindingrthe lonpudind strips apiirexiaatyg theepadetbetvesegreddt al r egi ons
along the lLength.of the b | e . The tube bundl e device according to
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t hi ckness of the coil material surrounding the |ongitudinal strips
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a plurality of parallel tubes, wherein the plurality of paralle] tubes are arranged in a
triangular configuration such that the tubes that are located within an interior of the
plurality of parallel tubes are adjacent and spaced from six surrounding tubes;

a plurality of tube support elements, wherein a select number of tubes in the
plurality of parallel tubes having the tube support elements located thereon, wherein each
tube support element includes support coils of a helically wound material, wherein at least
a portion of the length of each of the tubes having the tube support element located thereon
is contained within an interior circumference of the Support coil, wherein the surrounding
tubes being in contact with an exterior circumference of the support coil, wherein the
surrounding tubes with no tube support element located thereon being in contact only with
support elements; and

at least one transverse sealing strip located in a segmental region around the
periphery of the tube bundle to maintain flow of fluid into the tube bundle away from the
segmental region along the length of the bundle,

wherein each of the at least one transverse sealing strip comprising a tubular
segment having a spacer/support element comprising helically wound material surrounding

at least a portion of the length of the strip.



strip and at | east one tube of the tube bundle to space the strip fromthe
tubes apart by a distance approximately the radial thickness of the coi
material. 7. A tube bundle device conprising: a plurality of parallel tubes,
wherein the plurality of parallel tubes are arranged in a triangular
configuration such that the tubes that are |located within an interior of the
plurality of parallel tubes are adjacert™ and spaced from si x surroundi ng
tubes; a plurality of tube support elenments, wherein a select nunber of
tubes in the plurality of parallel tubes having the tube support elenents

| ocat ed tgher eisheVipd it IRk chinteEconyRRMgt €l enent incl udes support coils
of a helically wound material, wherein at least a portion of the |ength of

each of the t@sBedlhaving the tube support elenent |ocated thereon is

cont ai ned withi Lt erd I:51.€ ce of the support coil, wherein the
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surroundi ng el ng I'n contact an exterior circunference of the
support coil, whestireihe titecbundierhneing diphgality o€ paralld] tubes atrarped s p pemgulet enent
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away fromthe segnental region along the length of the bundle, wherein each
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| ocat ed WetwleR a@fcdn? bkt &F spQfe thERibbUREhOMMIEaF By AR '&gpxwﬁla%eﬂﬁc ed from
si x surroundi ng tubes, wherein the tubes in the tudbe bundl
the radial thickness of the coil material, wherein each tube with a spacer/support coil being
in contact only with tubes which do not have a spacer/support coil and each tube without a
spacer/support coil is in contact only with tubes which have a spacer/support coil; and
at least one tie rod for the tube bundle,
wherein each of the at least one tie rod comprises a rod having surface
spacer/support element located thereon, wherein the surface spacer/support element
comprising helically wound material surrounding at least a portion of the length of the tie
rod, the radial thickness of the coil material surrounding the rods approximating 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.

9. The heat exchanger according to claim 8, wherein the coil has two or more

complete turns around the tube which it surrounds.

10.  The heat exchanger according to claim 8, further comprising:

at least one transverse sealing strips located in a 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.

11.  The heat exchanger according to claim 8, further comprising:




havi ng spacer/support elenents | ocated thereon, wherein each spacer/support
el ement conprising helically wound material in which at |east a portion of
the Il ength of each of the tubes having the spacer/support elenent is
contained within the interior circunference of a support coil, wherein the
radi al thickness of the coil material ﬁgproxinating t he space between

adj acent tubes to space the tubes in tnht bundl e apart by a distance
approximately the radial thickness of the coil material, wherein each tube
Wi th a spacer/support coil being in contact only with tubes which do not

have a spacer hkppohé 1cﬁ1githdiﬂmeeﬁﬁlghtdpstp&at@dtiﬁl@@&gnaemﬂ@@ﬁ&{fs/b%btmﬁ&ﬁe coil is
in contact only with tubes which have a spacer/support coil; and at |east

one tie medphes of the tyhetandlgaad the shplbicensintagciiov ot Hiwd info thesabe byile ti e rod
conpri se I i r t ment | ocat ed thereon,
wherein ?ﬁ%yéﬁ} %%E&Q%%@%F§ upﬁ%?@qgfgﬁ%ﬁgﬁaggﬁgéﬁéing helically wound

mat eri al surrounding at |east a portion of the length of the tie rod, the
radi al thickness of the coil material surrounding the rods approximating the
space between each tie rod and at | east one tube of the tube bundle to
space the rods fromthe tubes apart by a di stance approxi mately the radi al

t hi ckness of the coil material. 9. The heat exchanger according to claimS8,
wherein the coil has two or nore conplete turns around the tube which it
surrounds. 10. The heat exchanger according to claim@8, further conprising:
at | east one transverse sealing strips |located in a segnental regions
between the periphery of the tube bundle and the shell to maintain flow of
fluid into the tube bundle away fromthe segnental regions along the | ength
of the bundle. 11. The heat exchanger according to claim8, further
conprising: - 15 at | east one longitudinal sealing strips |located in a
segnental regions between the periphery of the tube bundle and the shell to
maintain flow of fluid into the tube bundle away fromthe segnental regions
al ong the length of the bundle.





