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I nvention pertains to a shell-and-tube heat exchanger

(THE) which contains a wear-resistant tube plate

i ni ng for application in thermal cracking equi pnent.
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cracked gas or coking renoval gas, which is discharged
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to rgﬂ%{/g the co%lnlgI %e furr?ace is heated to minimal operating levels and a
mixture of air and steam is introduced into the tubes of the cracking furnace. The
carbon residues are burned off with this mixture. Particles of coking are loosened
25  atthe 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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created in coal gasification 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 nozzles has a
conical opening which narrows to a section of tubing which in turn is inserted into
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
qguench coolers, would result in heavy turbulences. This would result in additional
erosion.
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manufacture, assembly, and repair and often creates problems because of the
differences in material characteristics such as thermal expansion coefficients and

25 varying levels of elasticity (brittle vs. ductile). In addition to these issues, inserted
ceramic nozzles also have the problem of turbuience 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 lining consisting of a

30 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,



manuf acture, assenbly, and repair and often creates
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15 cooling tube (viewed fromthe perspective of flow
direction). This can only be acconplished by applying
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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 metallic 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



that the THE be fitted out with inserted el enents nade
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through which the gas to be cooled is circulated, each tube being secured by a

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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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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that material erosion has been caused solely, or at least primarily, by mechanical
abrasion. This assumption has prevented the experts in the field from considering
installing metallic linings instead of linings created from ceramic or other fireproof
25 masses, especially since common methods of welding in earlier times were

difficult and expensive and did not result in satisfactorily long operating times.

This invention is also based upon the realization that metallic materials which
have been adequately tempered against high temperature corrosion through

30 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
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not result in satisfactorily |ong operating tines.
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conég'uét%ﬁc*l'bls mﬁg ; Sdo%@%]é B A h‘@%l?évebel O thai dbtblmg tube in a

orr osi on are not cons ng forme
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20 TheBmelal cRarSRIES of The e siBBues falh EpEstitle iq pradyge the

sleé\h% withlarai Wah Ywhie gtirthSremMiReRsthe §omaatidrodftearing edge at
outlined here, austenitic steels are especially

thegmnppsitatsnd gfdhe gake fram thefacachispea yent tin wal aihich is firmly

atta'idbléﬁsto the cooling tubes will have only a very minimal effect on 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.



5 1n order to achieve an optimal gas flow, this inlet

wozoo7/00644£‘ the sleeves is shaped conically or rounded off PCT/EP2006/006440
(6). In order to prevent a tearing edge fromform ng
at the rear end of the sleeve as it 10 has been

nserted into the cooling tube, which mght result in
1 t uthilﬂ sakiitypldheprobing H1bes ard ofithe sipeyes aagbacerg under as
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ad dnetcauaalpeamaaemfammﬁ:tmn detween coslirgstube ami slbeye dulee is

hj t th | .
Ao 4SO e LA
5 clonﬁéams:tfmﬂ ﬂ?qél' brcfcelsaksapplicam)@ forlrbpair® opkrioaifittibas to
to t i n secyre an
c o PYdHHY-UsEd ot rgvn SomcituBes Wikl brve basndnargased in
as jfiterhalMlametet b@/q'@kﬂdv%ﬂ el nﬁé’éﬂlhé‘sgsudrh% B{é%%eb‘ﬁ%t Rhve

hydraul i c fastening can be used he materi al
ch@raeipasly heepdapagersd i h@mmegmeée@e:@ryrm@ahe poeddivbeal
I
| o PREASER S48 o O A Bl B 26t pice
10 t hous pyiibstheenatediatsf ugdtkit baberrfelscnasilylelofatde Tbklz meriasleeves

codtteitet alBted By G ob el B BRG s wisee:sighty
heahonte"taaafthey waitt bé@nmhp@l@b@&ﬁ@émége@f:obhﬁg futfes.
will not b? act ed @‘ this nt 25 I'n conparlson

wi tHPW mankigct reg cpsisusy tor %r‘iomfé‘é’ﬁﬁﬂﬁ‘&ﬁ‘@s apg processes,

' n\ﬁﬂéﬂn@fhtﬁéméﬁst;ﬁodh%rf ol I owi ng advant ages: -
ared to ceramc, the elenents or insert sleeves,

Conp
15 ar énsf@ilgthrwn@tcoam reqgresomyminieal praljminssy wadrk, such as

007 OpkraRc e b P adR et ot ot sifoge apone,

cocﬂlcpsngg olihdresariwodid e nstessary, fos examnpld, avmm applging a
ain as when ceramc is used. Anong ot her
reePs!'gﬁFe m%%l‘g‘s is because permanent connection between

coAssegniiiy Iaes'@m*e&hﬁﬁﬁal isifloe todls reqlired figM thiseassamiblly are all
20 t hecorrr?rlnloln used %gru tlo%lsf asteni ng takes place. This
- Installation period is comparatively short, since no anchors, screws, or
similar attachments must be installed. 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
25 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.
30 - The plates of the insert sleeves can be chamfered at the edges, meaning
where the sleeve edges form the outer rim of the total formed surface and

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



5 means that the process is applicable for repairs or
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materials used it becones easily do-able. The insert
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opdt RT3 iR ions Sh LBE Jor ErOmbln, Hoaarhian from fhigized bed
conpi@tion grajombvition teESIRed S Sandbl asting, but no
addi tional treatnent of the outer surface and no

cl osing of tubes as woul d be necessary, for exanple,
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ne B S b3 SRRl “Bbl 165 AScRBENSE 45 commonly

useldl lhmdeng fd’lIHItKBSlS no need for welding or firing, as
there would be, for exanple, with a pliable mass. -
Anot her very inportant aspect is the quick and easy
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it cut |ate and
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insted atiking the et ofthe evssit sisevé britet hey do not form a
sharp ridge

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 sleeve tube (4) and

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

30
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.9. WD 2007/ 006446 PCT/ EP2006/ 006440 | between the
wo 2007/006da)S€rt sl eeve plate and the tube plate. Application b oo 06006440
the shel |l -and-tube heat transfer exchanger as outIineJ
inthis inventionis not limted to thermal cracking
equi nt..]n fact, it can be applied to' 5 other
1 Refﬁ‘%&cgg sL\ﬁ}]ere simlar stresses inpact the materials
because of the operating conditions such as, for
exanpl e, downstream from flui di zed bed conbustion or
conmbustion turbines. Shell-and-tube heat exchangers as
1) outdddieg thPet hi s invention can be designed to 10
accommodat e all conmon construction formats, including
2) fi Xatpegdlatee, floating head, and U bend heat
exqgﬁggg . Fi xed-pl ate heat exchangers are comonly
)use In %@acking facilities. Figure 1 shows a
(4) cr Sleewetitheon drawi ng through a tube plate (2) wth,
in IS 1b.instance, 2 exenplary cooling tubes (1)
(S)Mhiéc:lﬁé\gerggé%nnect ed to the base plate by neans of a
(6) t ulRpUMRled drd)y refyicni ngl e sl eeve consisting of a sleeve
tu 4) and a sleeve plate (5) is inserted in each
7)00%35{@%(%&%]-%@ pl ates attached to the sleeves of
) NeiEHywey kP tubes (1) share a common edging rim(8),
agai nst which they all abut, fitting precisely. This
makes it possible to conpletely cover the tube 20
plate (2). The inflow ng cracking gas is thus
prevented fromstriking the plate, instead striking
the face of the insert sleeve plate. Figure 2 depicts
15 the | ongitudi nal section of an insert sleeve, and
Figure 3 depicts the top view of the sane sleeve. The
sl eeve consists 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 Li st
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(1) Cooling tube 5 (2) Tube plate (3) Tube weld (4)

wo 2007/0064% €eve tube (5) Sleeve plate (6) Rounded entry regigQR/epoo6006440
10 (7) Chanfered tube end (8) Edging rim1l5 20 25
30 .11. WD 2007/006446 PCT/ EP2006/ 006440 1 Patent

1 clainms 1. Shell -and-tuﬁ; haﬁtl exchanger (THE) equi pped
with a tube plate lini B8NS s resistant to wear
for use in thernal cracki ng equi pnent which 5 contains

TR A s oA e
Pl aftfictiis r@%‘s"ﬂarﬁr’cg%&;r fbhﬁs% H MR c%ﬁ‘n@é&ﬂ.l ?@&ﬁt %Nh c?h

casin roug a coolant materi a
S ( 2)con?m@s §9¢Hr&@b@s (i! hifreuge whiicht theqgas edbgyagolied|igtirculated,

ShIREHALEE bt BAFATt Bl atioBal fo GG By i€ g nc
paretnphﬂSIegi in lycasing ttreegh whidhag @ooldnt ohatedalds eateldtdy, (2)

ang‘% end- 1o- enc}ﬁgﬁ?eﬁélaé%?g tﬁég@égén'éﬁa'%v @gbgﬁeﬁ'ég?é‘ég%y

t ukgasemdisenmm thenshell-aygitibe debyexdrmngatis faal, dheast
eves. are esi st ant

10| Ry hE AR B WHieh W Ctabied By alghiD dhmfaes of
t ymdiviedabsiebhss §idettoldidd ahfneoidsénd st ﬂh‘érbtﬁér éiges and

insert sleeves essentially consists of a tub
whilRgerirg the tbecends inghthem, typified by the fact that the insert

sleeves are created from a heat-resistant metallic material.

15 2 THE as claimed in Claim 1, typified by the fact that the construction of the
insert sleeves essentially consists of a tube (4) which is attached at one
end to a plate (5) which is situated at a 90° angle to the length axis of the
tube and is perforated in such a way as to allow the inflowing gases to
pass through the plate (5) and into the tube (4).

20
3. 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.
4. THE as claimed in the preceding Claims, typified by the fact that the plate
25 (9) 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 least a partial continuous, gapless covering for the
tube plate on the inlet side.

30
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end to a plate (5) which is situated at a 900 angle to

wo 2007/006d46€ 1 ength axis of the tube and is perforated in such
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11.

a way as to allow the inflowing gases to pass throuffh/EF2006/006440

the plate (5) and into the tube (4). 20 3. THE as

cla]'b_gg Cajm2, typified bﬁthefact that the
a@fd?'ﬁ@dp'l”dirﬁce%/@}? Glairas RgRewohi 4, Kypified byrthe factfthat

t heghs as-(SP! refbaf:ltsf&@ Ssd g med i n

t he prpg%e |§g l:i)CI alrmsy gff%‘f&iaecéangtﬂ'gr asclﬁpfelhat t he

plate 25 (5) is designed with a shape that allows the

out-gy ; i fer s .of

Che o arazaipted iy e bR oo @K Glbins 20 BheB™ Reifis by the

as ftaot thabthediebat(4) endhe sleeaethias arc oxtermal @l@nem%m:ﬂﬁé

v becitatRis & ies RSB o 3t6esmalar Bandhaimiedor

i n diametstiofgh&ceblig Libdar( o?Jgh 4, typified by the fact
that the plate (5) is preferably square or
rectangul ar in shape. 6. THE as clained in one of the

. pr emela@,&léih%dﬁﬁ chd Brm@qﬂeéedlhg@l&'n%dz '?B(rohpﬁ 8. Yy BifiGd by the

t the t on the sl eeve has an exte
ﬁ%& tbat Wet‘h'bﬁ (4hea§mﬁ: m@m sleeve has adegngth measureomgnt of

3' '&Hﬁvbkén%@aér{cﬁé éh?ﬂ E%&Eeﬂdﬂ)'iﬂiéﬁfeend?(ﬁgﬁaqgg%%%%d

cool i ng tubes ainmed in

pr eddianaily t@tweﬁﬁ 1@0tafrd)m@®n@;n typified by the 10 fact
that the tube (4) on the insert sleeve has a | ength
measurenent of between 50 and 200 nm preferably

betThe s laiamed mmamﬂ thanitecegihy rmh:h;s zmmgndﬂ%uﬁé@i by the
recedi ng

12 i med i n one t he

& artihaPing Gei®ySh M Teeelsggva Ras deafigiaknesar « ne
tubﬁeég)remembewﬁﬁ\ert sl eeve has a wall thickness
measurenent of 1 mm 9. THE as clainmed in one of the

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

fact that the plate (5) on the insert sleeve 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 sleeve 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 sleeve tube end at the position opposite the plate
(5) is chamfered.
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fact that the plate (5) on the insert sleeve has a

wo 2007006k Ckness neasurenent of 20 from2 to 110 nm 10. T
as clainmed in one of the preceding Cainms 2 through gﬁwunmwmmuo
typlfled by the fact that the insert sleeve is

uct ed of an austenltlc steel material. 25 11.
1 1257ETRE S dhime Monmet e RIeeepingelaimg 2dheugh b1, typified by

t hripaghctifat ﬁﬁéﬂhgéﬁ@le@(/e i5 '@l?mgya&‘taéﬂ%t to'the erﬁ?&&{vg cooling

sl eeve tube end at the positi opposite the
(5)tuPg (¢ hayedireaessof roilmg\m Inayauinexpansion.
PCTIEP2006/00644O 1 12. THE as clainmed in one of the
preceding Clainms 2 through 11, typified by the fact
5 13.t hathe heodess of eqsippingaiTHE lalsrdqtlmﬂct mcBlatmtiowith@ material

o T PRy SBE soctiREL OGS e AnBIET 3 Birube (i iThg plate

? T(lEl;Eaas mgettlednmd) the r@aiemsliarv@érhube Im%iethb?ihg ihb&téWtube of
i i s constructed o

{2 bbe e I b adacBpads Bis hat Puianaes Har(haxthe

excm»@aé@éoﬂdmmgmdhydrahhé ha%térﬂﬁ@”ed tube of the

sleeve (4) is firmy attached to the heat exchanger

10 tube (1) by the process of rolling or hydraulic
fastening. 10 15 20 25 30 14
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