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invention pertains to a shell-and-tube heat exchanger
(THE) which contains a wear-resistant tube plate
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25 at the same time, and they are carried with the gasses along the cracked gas

pathways through the quench cooler and into the coking removal conduits.

The cracked gas or coking removal gas, which is discharged at high velocity from

the cracking furnace, generally crosses a transfer line into an axial gas entry

30 chamber and then, from below, into the quench cooler, where it collides against
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credt8YiMEoAIgR Hi&tibA equipment. In this application, the tube plate on the
gas inlet side is covered by cuboid-based nozzles which are positioned adjacent
to and abutting one another on the outer edges. Each of these nozzies has a
conical opening which narrows to a section of tubing which in turn is inserted into

25 a heat exchanger tube. This solution offers no gastight closure between the
individual cuboid-based elements. This would lead to buildup of coking residue in
the empty spaces within the quench coolers of an olefin processor and destroy
the materials. in addition, the ends of the nozzles which are used would form a
tearing edge within the tube which, considering the high flow velocities within the

30 quench coolers, would result in heavy turbulences. This would result in additional
erosion.
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marﬂﬂgcture, assembly, and repair and often creates problems because of the
differences in material characteristics such as thermal expansion coefficients and
varying levels of elasticity (brittle vs. ductile). In addition to these issues, inserted
ceramic nozzles also have the problem of turbulence and the accompanying
particular stresses to the materials at the rear end of the nozzle (from the
perspective of flow direction) associated with the tearing edge located there.
Contrary to the design laid out in DE 195 34 823, installing a fining consisting of a
fireproof mass positioned solely in the focal area in the center of the tube plate
has been shown to be impractical because the resulting inconsistent surface of

the tube plate, in conjunction with the variations in material characteristics,
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the high-velocity gas flow would be decelerated and in part deflected outward in a
radial pattern, so that they would then no longer contribute to erosion damage on

25  the tube plate and the tubes. However, an undesirable differential pressure and
the associated increased exposure time would result with fittings of this type,
meaning that there would be a yield loss.

This invention takes a different approach, in that it attempts to provide an
30 effective wear protection by applying a metaliic lining to the tube plate and to the
entry space of the cooling tubes. Erosion at the inlet side tube plate and in the

cooling tubes made it necessary to periodically shut down the quench cooler for
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25 tube plate at both ends of the tube and enclosed in a casing through which a
coolant material is circulated. (2) The surface of the tube plate on the gas inlet
side which is impacted by gas as it enters the shell-and-tube heat exchanger
should be faced, at least partially, by a protective layer which is created by
aligning individual sleeves side-to-side and end-to-end at the outer edges and
30 inserting the tube ends into them (Fig.1), typified by the fact that the insert
sleeves are created from a heat-resistant metallic material.
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the geometric relationship in which the individual cooling tubes are positioned
relative to one another. Suitable individual geometric shapes which would create
25 a solid, continuous larger surface when positioned next to each other would
include, for example, triangular surfaces (especially isosceles, where all sides are
the same length), rectangular surfaces (especially squares, but diamonds or
rhombuses would be appropriate), and hexagons (especially those where all
angles and sides are identical). If the tubes in the shell are positioned such that
30 the top view looks like a grid network, where each tube marks a grid intersection
and where the grid is square, then it would be preferable that the plates of all the
sleeves would be square.
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difficult and expensive and did not result in satisfactorily long operating times.

This invention is also based upon the realization that metaliic materials which
have been adequately tempered against high temperature corrosion through
specific conditions—in other words, on which corrosion products are not
constantly being formed on the surface—are then also sufficiently resistant to the

purely mechanical stresses of abrasion. Because of this, the preferred materials

to abut the outer edgeBCT/EP2006/006440
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In ondgrHaichilve atbopiinehgadfive, tes intpt indhe sk vesay shtpdd

erts i e field fromconsidering installing
con%ﬁ%?)ﬁ%urrqserﬁ %gal nstead of linings created from
ceram c or other fireproof 25 masses, especially since
C n nmethods of welding in earlier tines were
In Oégﬁq}}gaﬁﬁﬁfef&_r?dteéﬁﬁar?s(l{%efp%(ﬁgfoamujgr@tthfeéga'[ end pf the sleeve as it
10 hasIdrSihasked irty thOBERRELBE! Dhith RSNt regnllrtn?wt gﬁﬁ?@hbg Und

i s al so based upon the realization that
mategakerogion withierhe kaenleba, tieqodoéthe tubepenict ingkcast

aH rQsi 30 specific
a9 éo%gv% ?c;mr%‘l@%}ﬁ%t er O\/\%rédlgg,b%ﬁre%ﬁlgzpcor rosi on products
are not constantly being formed on the surface-are

. Iso,sufficigntly resjstant to the urely . _
An ISl At b o4 Ble 5 bk ade B oviain i
15 inventines e theirevabititg of the MEAROHRE8A4But of which they are
PCT/ EP28_06/ 006440 1 are hi gh-tenperature,

consBuFtss JRiS BaKet drosalieinsatiagh s slepyesiathiescooling tube in a
sectPd Al RoRfnuGhY 888mansthdh Glrabid 28 /ndh hg%/%dgﬁtg%agﬁ%sqglling.

their durability under The process co
In asigitigmiedofiage theaprocers of bydnasdit $asteningsisachaibgd.
preferable for use in manufacture of the insert
tubes. 5 In order to achieve an optinmal gas flow, this
20 The maerial chahactstigiosey the indeapsidevesniakel it possibleaunsteduce the

f f - Jln order, t revent .a.teari edge from.
sieiss i 24hh RafrkaR R ARt e d0a8aRn of Gae edge
thelmpposita settefdhe nitse from tedhtsgAlsBbE vewitih waIlgMbich is firmly

qurg%ﬁl t tbn tur bubﬁ%%e ignd mat eri al erosion within the
att g thasoling BRssvilavg OV B MiRima gffest e heat transfer
and the cooling operation of the THE will not be impacted at this point.

25

In comparison with the current state-of-the-art technology, this invention exhibits
the following advantages:

- Compared to ceramic, the elements or insert sleeves, are very robust and
30 do not need any special protection against bumping or falling.



hed to the insert sleeve
WO,OWOM?‘%al nst the plate is attached
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An addi tional advantage of the insert sleeves a$CT/EP2006/006440

they are enployed in this 15 invention is in the
formability of the netallic materials out of which

t helhas@bilibposthreumdidg tibes amakgdhé k|desiidhst bl%ced under as
attach, t he. sl ee es to the cooling tube in a secure

and "ESREF AN Earﬁeuémﬁg'sdl%‘?drrﬁlf@o”% eHas Teps@te duis ds
sucllecfiise Pdrimd@ient Eonmsdiohi twie@n ﬁdg%&%bé Bﬁg %reoecv% tTibe is

of hydraulic fastening can be use
chat@osmigiedauntbthe rlingeehydrausie festenimigetakes pml Bhe

t the " '-

£ o DAt Batkhe prad &R1EoBIEabIE LM drmdBEations to

t hepr@ﬁsﬂ@@'§i)’tl€8€ehdoadér8t\héh t:ubbng tutrest hhlr(]:ha&(z?/e d&érpmc?’eased in
attached to

\éggﬁéﬂgél{h Ube s i r%é/\éaloﬁpy/“éc@@?? SH‘FHIaI%he§$ ﬁ&fthadﬁ
heamremoalslyftmfen amthatybe, |@@@bbﬁ@s%e@%é@ﬁo%aké‘%n%ltlonal
will not. b acted at this point. 2571 n conparison

wi t FEAANEIOR T eqTdbe matefiaklemeval duattiisoaljeadyhiaken place,
I nveurtwignthexRiafirass ug&? ltft@cb%sngaﬂ VAL ARE ST

Conpared to ceramic, the elenents o& a8y Thpdasel slesves
ar eArgdhon pgpgRed hydoliigg Qﬂ(ﬁlydoaulme‘estenm}g apet\)\nd\éned slightty

007 S0k TAe BEt LA Bar boRaR 4 Uhimagad iatpe svorne

codmmgnaruuje@uang cobtst dige & @sw © comnme mizlasas aﬁeqﬁacasses,
ceram c is used. Anpng ot her

rea%%{ﬁﬁ%t ?@?%S prk?é@&ﬂ%’é per manent connecti on between
cooalnisteatiomef a%oﬁreelq@lrééﬂ@ﬂly ini@l p F&Wh?éﬂﬁoﬂﬁ_%hkh

the ro|lin ]q] ydraulic fastening takes p
meatiy] ' 9h@%fﬁ%@é§§l0pgl Ta@@im%ramféhe outarepaiace ad no

ModibtiRglof Aitfed 8 wh RY bOURLYs LG i WLRIe WAL, 288], M0,

tubes i ch have been I ncrease
by P@RR/EIaSSOn nachi nes such as these that have

pr e}i(é@#ﬁl')lg c%%?snar%armﬁgi %rjicé)?o%?@ @r%@efs%f}‘g |a§§enn1%h/eare all

an additi expansi ol because of
renwamonh’aUSMSt%idaahd;pld; aken place, 10 but with the

IRl 8Tl DBGORN ATt o anphpemeie. o

f assienilangttacttmahtdenadt 5¢ irgfailad. Likewise, there is no need for
welding or firing, as there would be, for example, with a pliable mass.

- Another very important aspect is the quick and easy disassembly of the
installed insert sleeves, with no danger of damage to the cooler. Prefer-
ably, a suitable tool (such as an internal pipe cutter, milling cutter, or drill)
would be used to make a split cut between the plate and the tube. After
removal of the plate, an arbor would be inserted between the cooling tube
and the sleeve tube, onto which the sleeve tube would be manually pulled.

- The plates of the insert sleeves can be chamfered at the edges, meaning
where the sieeve edges form the outer rim of the total formed surface and

do not abut adjoining insert sieeves, so that they do not form a sharp ridge



wo 2007/006Jf87 € than they would be on conparabl e undanmaged

cooling tubes. - Low manufacturing costs due to use BET/EP2006/006440
common naterials and processes, automatabl e nass

gr oduction. 15 - Installation of a cooler requires

Atweer tienabenstdvel plateyandtie tubeghiags sandbl asti ng,

but no additional treatnent of the outer surface and

no closing of tubes as would be necessary, for

Apmicatiph ef thehsinelnapd Yuhg haat hh ek BxSms ﬁﬁ@d ¥ this
mv%{gt Sts. ar m.ni mal, since tools reqwre for t

QEBIN? gpgtegﬁp th?@“@&ﬁ@ﬁngﬁm@msmbhﬂm it o@h be applied to
5 otherﬂ§rto%le!s§éé ReREEIAthristres? g%{:ﬁ’tﬁ% {é la&gé’c'ag%% ot he

anchors, screws, or sim
opgradnaEoRditions reoh e, for I@eample howmeeteechrh drom Vieidi et &d

corhbhidiidg or%nt] tf%nv‘@% ge?e for exanpl e, wth a pl i abl e

nass. - er very i nportant aspect is the quick and
easy dlsassenbly of the 25 installed insert sleeves,

Shéll\f g“p danger damage to the cooler. Prefer- ably,
0 ??Lg%ﬁ @e o%’fc caé‘ﬁ@ﬁs $ odfinedtia thialinansioncaan e designed to
mﬁrho At dghimopr e
oo pI | tgdz?ggpbet mgen ?ﬁﬁﬂb‘:cg?%%ﬁ? h@clﬂ:%?rg; ﬁ%ﬁ?@'@ %Ioa’ung

dieat gp(g!ﬂ@ng%ﬁ RixBdrplaieunehtisxchasgertsette commonly

usn@eﬁ\@eﬁk”ﬁ@e&&mgg ng tube and the sleeve tube, onto
whi ch the sl eeve tube would be manual ly pulled. 30 -

The plates of the insert sleeves can be chanfered at
e , [ ret sl e es formthe
e TR A L ESAGT: B' e
instadgei hiergmi rco Sh eueEss, (13 WHibR
me% har Ep ru%%pm@\?\? 20077 006446 Pngg? E%o%%/%%ﬂ%ﬁ% plate by
5% Red il @’efdn UNYB ALY e NBF NG Ofen Blewe plibe 61) and a
sleeé\mp;blta&aaca)oﬁnr@fertfela:an%a%hlco%nﬂgttyt?@ ﬂ%ﬁfma‘tésagﬁéﬁ&{ed to the

er, as. outlined in this 1invention 1S

Slo e QA TG fHAPSG KERFIAGR EQUIpIMSACGINDITTG 48], agatnst aich
the@@ll apRt ifRghd Bre<§’sé?§/ hflis %8&%@1@ Eés%l%rts WWS%%S?%W thg tube

2 esses |rrpact th nat er | ecause 0O
0 D'af@dﬁduTh%wélomcmcklmasemmps @revintes froeasirfidrahe plate,

lnstEEH's‘Elr':léﬁéjt}p@%cec&'m&ﬁﬁéeor[‘sigr vg% gstl on turbines.

Figure 2 depicts the longitudinal section of an insert sleeve, and Figure 3 depicts
the top view of the same sleeve. The sleeve consists of the sieeve tube (4) and

25 the sleeve plate (5). The rounded entry region (6) and the chamfered tube end
(7) are also clearly recognizable.

30

-10 -



‘'wo 2007/00620€! | - and-t ube heat exchangers as outlined in this
I nvention can be designed to 10 accommodate all PCT/EP2006/006440
common construction formats, including fixed plate,
floating head, and U bend heat exchangers.
1 Refersnsg-Ipewut-stheat exchangers are commonly used in
cracking facilities. Figure 1 shows a cross-section
drawi ng through a tube plate (2) with, in this 15
i nstance, 2 exenplary cooling tubes (1) which are
co te 0 the base plate by neans of a tube weld
(1)(3$ﬂﬁiw§ﬂHé?e sl eeve consisting of a sleeve tube (4)
5 (2) andrube slbaeve plate (5) is inserted in each cooling
(B)tu .. The plates attached to the sleeves of
nei gi5oWPIRy t ubes (1) share a common edging rim (8),
(4) agadbiBste WHech they all abut, fitting precisely. This
makes it possible to conpletely cover the tube 20
(S)pléyéeYQPﬁﬁqhe i nfl owi ng cracking gas is thus
pr riking the plate, instead striking
(6)thgwﬁgggg%éﬁqyﬁéﬁégert sl eeve plate. Figure 2 depicts
(7) t héChamfgredtibmbndecti on of an insert sleeve, and
Fi > 3. .depicts the top view of the same sleeve. The
(8)S|g§%§”§8ﬁ§ists of the sleeve tube (4) and 25 the
sl eeve plate (5). The rounded entry region (6) and the
chanfered tube end (7) are also clearly recognizabl e.
30 10 WD 2007/006446 PCT/ EP2006/ 006440 1 Reference
Key List (1) Cooling tube 5 (2) Tube plate (3) Tube
weld (4) Sleeve tube (5) Sleeve plate (6) Rounded

15 entry region 10 (7) Chanfered tube end (8) Edging
rim
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1 Patent clains 1. Shell-and-tube heat exchanger ( THEJT/EP2006/006440
equi pped with a tube plate Iining which is resistant

to wear for use in thermal cracking equi pment which 5

cont ai ns cool i ng tubes Ratgnt hlaimgh whi ch the gas to be

cooled is circulated, each tube being secured by a

tube plate at both ends of the tube and enclosed in a

. casShe-an- mb@thadtlmdahangemde? aq@.pbe@kmﬂhSa ﬁ]tfefb‘l'raf’é fifing

i s B[S o Hedn on e §adhatial erasking: squpgent which
sheﬂohtamsjewtr@ fubat (eXEISNGR WHish frae @% tPhe c88fe§ dgﬁ jfoulated,

partl rotectlve Iayer IS Crea
al i%% B/ét Rel red byianwbe plate atsbcéb\ﬁesissofcﬂi&e tubes anke

t th
?3%”;%2@? P e rBu b off SRRl el reieed )
i nséesurgceafdie duke pladavadhergas lalehemdb-wle@h&‘ré aﬁ;bacted by
I n
ry 2 s efs it shetPadd i b83, xRy isaged: pidoast
:qu?é‘rttallyl axeagyomwaﬂamnwmcbmcsaseclob%/@n%ﬁmg tﬁé)f%ces of
on a plate
o G A Rlp e afencBiogems didne ater neges abe
andhsestimptieotubleeghdsintoitien®, §BKicdDy thedheQN. fsgh% insert
ow n asst?ozgassthrouhthe Iate na
mtsLeetVﬁé Eée%tﬁs’ royy aeatiesigtant Iraetatis mate@abi m 2,
typified by the fact that the center of the plate (5)

s(ﬁ_ll_i_ugned wth the center of the. cross-section of
B® Claimedtir Glaine M atymified by trreefact tre dhen goﬁétmd"fﬁm of the

et el LS 3 ke oo

t h&ngltateeplate (5) which is situated at a 90° angle to the length axis of the
tube and is perforated in such a way as to aliow the inflowing gases to
pass through the plate (5) and into the tube (4).

THE as claimed in Claim 2, typified by the fact that the center of the plate
(5) is aligned with the center of the cross-section of the tube.

THE as claimed in the preceding Claims, typified by the fact that the plate
(5) is designed with a shape that allows the outer edges of the plate to
abut the outer edges of the plates of adjoining sleeves (8) in such a

manner as to provide at ieast a partial continuous, gapless covering for the
tube plate on the inlet side.

.12-
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-on the iInser

9.

10.

11.

eeves (8) in such a manner as to provide at |east m@T/EP2006/006440
partial continuous, gapless covering for the tube
plate on the inlet side. 30 -12 WO 2007/ 006446

PCTT HE28068006d #Dprekeing i iffs Qltmbﬂﬁg éj'it’ 'fg{;ﬂgg& @ﬁgﬁg fact that

d a t hrough 4 ified by the

pl 2&'? QIéSe (:%é 'Spa'@f%wgq%ﬁﬁa@’érqgﬁaﬂ%al’dngihia@e. in

shape. 6. THE as clainmed in one of the preceding

Clajg 2 through 5, tﬁ)ified by the 5 fact that the

t ub %46‘5 BRIMeE Inspee vk tharregeding Claieds 2itraoaye s, Woifledby the
neatidk i only slightly smaller

el RN LR ) 0ol s ) Bl e

7. TeeseEereentithetisiequehto of onhesiightig edler Gha iR i%zezgor

t hr guetnibe Oﬁtr’eisﬁfoic’ﬁﬂ%?‘%%"}‘sshgh 10 fact that the tube

eev engt h measur enent of
bet ween 50 and 200 mm preferably between 70 and 150

ol o B BT by S 6t Peceemasin e iaime Zirvoughightybited by the
| Peert Sl enve tha o ey Skene e i MbdsUement o
mm b%ﬂ”%ﬁ@a@”%%ép B, PreferRblybetWeen78cad 1gD Giraj afd 2

t hroptihaiBs bétwichi BsH BXd t@ﬁir};&ﬁct that the plate (5) on

the insert sleeve has at ess neasurenent of 20
from2 to 110 nm 10. THE as clained in one of the

i | 9, typified by the fact
Thap LSRR g Of APt bedh RS rtharcn iniedcby the

st dart et Ehe tibe (3% obthe Tiderasicehvainmth val #igkaEsd he

pr ' [ 2 through 10, typified by the tact
thgﬁggﬁ@%P%%gf?ﬁépgbve tube end at the position

opposite the plate (5) is chanfered. 30

THE as claimed in one of the preceding Claims 2 through 8, typified by the

fact that the plate (5) on the insert sieeve has a thickness measurement of
from 2 to 110 mm.

THE as claimed in one of the preceding Claims 2 through 9, typified by the
fact that the insert sieeve is constructed of an austenitic steel material.

THE as claimed in one of the preceding Claims 2 through 10, typified by

the fact that the insert sieeve tube end at the position opposite the plate
(5) is chamfered.

-13.



WD 2007/ 006446 PCT/ EP2006/ 006440 1 12. THE as

med in one of the preceding Claims 2 through 11, PCT/EP2006/006440
typified by the fact that the insert sleeve is firnly

attached to the respective cooling tube (1) by a

T 12pr otbEsantiaimoed iimgneofmpmﬁédmgemﬁﬁ@i@ﬂwgﬁgﬁq {J\kﬂr{% by
pr o$%§§cpfha§ ui f)pi Hgsﬂa THE as outlined in im 1 '
a nhterrsy SiMRGT Yspie BdUMiy attaehedita theneespstthessesoling
conktbe(d) byl aobrodess BErdithg 8f Flyé’ra@'li@te‘ipaﬁ%}){war N

inserted into the heat exchanger tube”an hat the
inserted tube of the sleeve (4) is firmy attached to

: . [1in
5 13t heTheak c@s@hﬂféﬂfﬁ h%%f )GeRiPERS% Plyithe i
or hg{df%%l ic fas (Ie%ri;'n . %% %l%o tﬁﬁe 575& i) ?Mth a matgnal
lining, typified by the fact that sleeves constructed of a tube (4) and a plate
(5) are inserted into the heat exchanger tube and that the inserted tube of
the sleeve (4) is firmly attached to the heat exchanger tube (1) by the

process of rolling or hydraulic fastening.

WO 2007/006'4?53.
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