The invention pertains to a shell-and-tube heat exchanger (THE) which contains a wear-resistant tube
plate lining for application in thermal cracking equipment. Shell-and-tube heat exchangers of this type
are used, for example, in ethylene equipment to produce ethylene through thermal cracking
downstream from the transfer line of a cracking furnace and are referred to as quench coolers (transfer

line exthangers, GRHIES)-QQuench gg@ﬁéggyww%ggég}%%ﬁ%@g%%g ards of

construction and material characteristics. The hot reaction mixture arged f ’Er‘Q@king furnace
after pyrolysis of hydrocarbon materials such as naphtha, LPG, ethane, or even hydrocracking residue
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feed water introduced to the casing side. 20Coking retardation occurs in cracking furnaces during this
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cracked gas iHPGCSPéﬁﬁLER%E)QVéVg ich is discharged at high velocity from the cracking furnace,
generdly crosses a transfer line into an axial gas entry 30chamber and then, from below, into the
guench cool%s re it c}ollides a%ains the lower tube plates before it is fed into the remainder of the
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coolers in order to avoid undesirable side reactions. The quench cooler, or THE

functions as a waste heat boiler in which high steam pressure can be created

through evaporation of feed water introduced to the casing side.

20 Coking retardation occurs in cracking furnaces during this process, which must
be removed at specific intervals (60-80 days) through oxidation with air. In order
to remove the coking, the furnace 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 at the same time, and they are carried with the gasses along the cracked gas

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

The cracked gas or coking removal gas, which is discharged at high velocity from
the cracking furmace, generally crosses a transfer fine into an axial gas entry

30 chamber and then, from below, inio the quench cooler, where it coliides against



10leading to the cooler, with the result that the stream of gas containing coking particulate is
concentrated on the middle region of the tube plate and the cooling tubes, which are affected
particularly severely. The weight-bearing wall elements are weakened, which creates the necessity of
significant maintenance costs, and maintenance downtimes result in production downtimes. 15
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are weakened, which creates the necessity of significant maintenance costs, and
maintenance downtimes result in production downtimes.

15
Various solutions have been proposed to this and similar problems. These are

based on using of ceramic, fireproof materials as linings, structural members, or
emuisions:

20 EP-A-0 567 674 introduces heat exchangers for the cooling of synthetic gas
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

25 a heat exchanger tube. This solution offers no gastight closure between the
individual cuboid-based elements. This would iead 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 wouid 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

arosion,



10068), in order to reduce the risk of tube failure and the resulting penetration of cooling water into the
surrounding reaction mixture at elevated temperatures. The suggestion is made in DE 195 34 823 A 1
that tube plates on the gas inlet side be coated or lined with a chemically hardened, erosion-resistant,
fireproof 15product. This coating should initially be formed from a castabie substance, applied in a

pliable'formar) B Ginkiyfited to achiave isifigds fernatias afiepr @é)fc%}%%?iéé@%tf%?ﬁoa@?plications
have in commg%'@dt@%me% &lheombine ceramic-in 20other words, non-metallic-materials with the
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issues inserted Rz Aleiiidesivs theproprestrottorbdesseanddberagnompanying garticular

stresses to thevirajesialsaatithe wanendob thehreszis (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
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chippit® or speflindnotver formadu thrieghispaticutariichieny s aEgienTsausRe bysirhulenceat the edge.

It should als@ hs;nated.that i Jlati ining made of a fireproof material only protects 5the tube
plate as such. %ﬂ?ﬁ%fgﬁ@@i@ﬁﬁﬁﬁg@@ﬁgﬁ% BVstdEsch fiewrieademeraiusar of each

cooling tube (viewed from the perspective of flow
The suggestion is made in DE 195 34 823 A 1 that tube plates on the gas inlet
side be coated or lined with a chemically hardened, erosion-resistant, fireproof
15 product. This coating should initially be formed from a castable substance,

applied in a pliable format, and finally fired to achieve its final format as a
fireproof mass.

What these applications have in common is that they all combine ceramic—in
20 other words, non-metallic—materials with the meataliic apparatus material,
principally steel. Practical experience has taught that combining ceramic and
metallic components results in increased time, effort, and expense during
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 nozzies 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 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 surfacs of

the tube plate, in conjunction with the variations in material characteristics,



direction), This can only be accomplished by applying a protective nozzle or sleeve. 10The problem of
a significantly stronger flow rate and stress on the focal area as compared to the peripheral areas was
also investigated. One proposed solution incorporated cone-shaped fittings (see US-PS 35 52487).
Another proposed installing diffuser-type diversion fixtures which could be free-standing within the

entry ¢hambek (889/PELPSH 2160,3 r es.of equalizing the flow through the entry
chamber and also protecting the tugﬁlé?eﬁ%%gsﬁ@r%ﬁa% '%%\%35%%8@@6@&9%5@ bééifade that

the THE be AHET 58EG/™ TR &reererifris passbbl $mallgbdsHiepitigtortbe ahage ofiingsmT he rings

would be aiignedalengthe sudageebaconaisgnd ' cone would pe djrected toward
the gas inlet ?seeéDEP (?27 S%)AI? The, isrftentic;n heﬂ%@%@&?@o %\’5 %gﬁ‘%gse i BQF@H&in the

focal range afthe HigRIEI hfip veliRl Binge erstatetianficeiprpaftdefetied vtwatddr: a radial
patterf, so ttt they watddthendno Tonger santilbuteeensiendamags an Aaine lube piate and the

tubes. Howeyg rable differential pressure and the associated increased exposure time
would result Wit%]t |tﬁlri%§g§fo t%igs%gea,cl;rﬁggﬁ}&gtﬁ THetE WRriiHT® Hyidreerectivasihfiention takes a

different apystsaeHom. thaisteaternitste provittlah 30efip et waakRsRlRSHGRBYBRRIYINg a metallic
lining to the $ube, 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 purposes
of inspection and maintenance. In the past, people attempted to correct the problem by welding

materiél onty aesiade-plotes s GraRY; ired wall thickness and .periodically
l@ﬁprogtftsgﬁgif/aeﬁg %?%%ﬁ(%é%ggn&g%{)% ?/ g (ﬁg g%@ﬂﬁf&ﬁi%ctory in

replacing the coolingéu@eg. This . .
terms of the B18518(AfcE AP ASTHES B tRES RS IBE R investigisiasinerthesemight velytivell have the
same charaotenstiosaésctivoraasaiplsctiinti e ¢seiginglly yses sh Q@s,?egﬂot%ﬁga}bgigohpecgst6h£t the
material erogian.in tg%%as mIgt re%on is.not _. '
n user-type diversion fixtures which could be free-standing within the
entry chamber (see DE-PS 21 60 372).
15

For the purposes of equalizing the flow through the entry chamber and also
protecting the tube plate from erosion, an additional suggestion has been made
that the THE be fitted out with inserted elements made of small rods bent into the

shape of rings. The rings wouid be aligned along the surface of a cone, and the

20 point of the cone would be directed toward the gas inlet (see EP 037 089 A1).

The intention here is that the coking particies carried along in the focal range of
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 eresion damage on

25 the tube plate and the tubes. However, an undesirabie differential pressure and
the associated increased exposure time would result with fitings 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



caused solely by mechanical erosion, but by the combined effects of high- 10temperature corrosion
(scaling) and mechanical erosion of the corrosion product that has been formed (iron oxide). Thus, one
of the objectives of the invention is to apply a metallic lining which is highly resistant to
high-temperature corrosion to the tube plates and the inlet 15region of the cooling tubes. All other
charagteristics of the lining must have similar material characteristics to the rest of the equipment
material (d u&ﬂf@?%%%?é%%&r% ﬂ%é@é&@%ﬁ%@%ﬂ&&-d@ HoR sisiet e acilea phetiaptieing withaut
causing any thegattéeside effettsn dmaeiditianothe fining skoyidibe fASHHIG iRSIal ANd easy; fo remove

or replace. -objectives were met by developing a shell-and-tube heat excﬁanger& HE)
equipped wit %2%@@%%3&%%%8 RS Ash @ﬂ%ﬁ?/@ﬁ%@&ﬁ?ﬂ@%“@@éé%dﬁmﬁs for use in

thermal cracRif§etfuipimenitaehichicataiastookiig tubess(L) dbraughimhich e gastebsreaoled is

circulaged, eagh; i Gl e.at both. ends of the tube and enclosed in a
casing throuﬁ%%%%%%ﬁﬁ%%?ﬁgﬁj %ﬁ%ﬁ%@%{ﬂ TR ReR%Sr RSP PMtesr Y gas inlet

side which i iﬁYﬁé@@éW%ﬁ@%@ﬁféﬂﬁéi@tﬁé %maﬁada@etheat@cehaﬁ@aésbmdécbe faced, at least
partially, by a protective layer which is created by aligning individual sleeves side-to-side and

end-to-end a]i%%uter ed?aes and 30inserting the tube ends into them (Fig.1), typified by the fact that
the insert sleevies QREErESIRRIFORMA MR Sistsniaheramio mindhal gam iphinaistgciFig. i1 the insert

sleeves are simmgdceomuubgednmmﬂ@gb@ﬁé@i@ﬁpmtty SRISISEHEAfWe (4) and,aplate (5). One

end o} fpe tupe%s arté%crr]egotrgo'[h.eé;ilg?}e?z,uch thaf the surface of the plate Is positioned at a 90 angle to
the length axig of the TuBe I BHTEF WoRS SR ESURFERN A fie HiecitirrisBresivallyotu of the

plate. The pltiet(Fag. B34 penfoeatéddn akave the inflowing

Thus, one of the objectives of the invention is to apply a metallic lining which is

highly resistant to high-temperature corrosion to the tube plates and the inlet
15 region of the cooling tubes. All other characteristics of the fining must have

similar material characteristics fo the rest of the equipment material (ductility,
heat expansion coefficient). It must be possible to add a partial lining without

causing any negative side effects. In addition, the lining should be easy to install
and easy to remove or replace.
20

These objectives were met by developing a shell-and-tube heat exchanger (THE)

equipped with a tube piate fining which is resistant to the wear occurring in these

conditions for use in thermal cracking equipment which contains cooling tubes (1)

through which the gas to be cooled is circutated, sach 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 iniet

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
inserting the tube ends into them (Fig.1), typified by the fact that the insert
sleeves are created from a heat-resistant metallic material.

30



gas to pass through the plate into the tube, in the most basic application of this principle, a hole would
simply be drilled in the plate, Preferably, the diameter of the drilled opening should be similar or equal
to the internal diameter of the tube. The insert tubes can be manufactured either by welded
construction, by 10machining processes, by casting, or by precision cold forging. Ideally, the plate

shoulql be alligned v@h %(tgle Z%gter of the tube cross section. The tube's length axis is then threaded
through the' ESHtBF B¥ e State: SURARECT GRS S HRilBRmERNFEMEssEdabaRsiDaISs located in

the center ofthéctiplateosigifacef Eheiplate itself is designed with ashanaihat alows;the.guter edges
of the platettggptéut lta e OHE%rt%dag%ﬁeOfs&hrF eéag%st of ag-oining sleeves in such a manner as to
& Partiar continaous: §apRes SAEeIETs heATHCPRALOR He Bnkls isd_YFig. 1).

provide at leas
The choice sihgHtichxizeohietricibhape idhzesy suitgdofoethe pitates,depetits tupensthg @eometric
relationiship, ' individyal | re-pQsitioned relative to one angther. Suitable
individual gggrr;ﬁlgéﬁ?? s%glb s%%ﬁ%%%l?ggﬁg t%@@,&&%&%ﬁ%&ﬁ %ﬁ%&e?l i 8\'/%‘8?4\’ Bgsitioned
next to eacl¥thEr RasAdNrIGHE o PEianiife thsaidRdar BUfaces {ebpetiallyrisostetess where all

sides are thgsaenedenathl 1BStARGY %@@%ﬁé@%@%'%ié@é’.%&g@%ﬁ?@%@%r%%%’fb“ses

would be ap ropri,ag, and hexagons (especially those where all angles a es are identical). If the

tubes in the SRcHTERISIGIMR 'K RaciiiRe s Giedl lodks lirteaglid amaienoitheréidach tube

marks a aridrin¢eirsestion-aachehere thergrisois rsiatien dhasy iwupild b piglprabie that the plates of all
the slf?gves would be square. Convenienﬁlﬁ/gthe leeve in the tube has an outer diameter which is

equal to or ONRy Stighey RS TRt E THAGr Al e P R8T BIRdRT SN the cooling tube. This is the

only way that the insert sleeves, with their attached tubes, be fitted exactly into the cooing tubes. It has
been establi ' plicati e optimal length for tubes on the insert sleeves
lies somewh@gé?ﬁ?ﬁlﬂ,ga eagéo é’?\}/tl(ggrgl ég%ﬁn%gz%@ nﬁﬁe tcg%r%l}nogggﬁrm %EE%%ﬁ%‘aﬁdﬁ% mm in
length are eSpeeialignsitabiis. Fubes ihsasdediienae thEoCeater t2aamiare @specially optimal,
because this mgasiyementienaldo e dsnath Aldve e seqion ol he cooling lube yhich is

subje %to the greatest impact under 10operating conditions, The materia icknose of ttt1 “tubes and
the plate of &IPS aRseves are adapted to the rest of the dimensions of the THE and particular
operating

The plate itself is designed with a shape that allows the outer edges of the plate

to abut the outer edges of the plates of adjoining sleeves in such a manner as to

provide at least a partial continuous, gapless covering for the tube plate on the
20 inlet side (Fig. 1).

The choice of which geometric shape is best suited for the plates depends upon
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 exampie, triangular surfaces (especially isosceles, where all sides are
the same length), rectanguiar 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 sguare.



conditions. Generally, a tube wall thickness of about 1 mm is optimal. The 15preferred thickness of the
plate is between 2 mm and 10 mm. As mentioned above, material erosion in the gas inlet region,
especially in the highly impacted central region of the tube plate, by the combined effects of
high-temperature corrosion (scaling) and mechanical erosion of the corrosion product 20that has been

forme,p (irorb%gdeeﬁ‘.. A Su h, tr}lis iS a new av%a?;%ness that has not previously been considered in the
industry, where thag Ak %B@@f%&&%ﬁi Frat@haP ERisitn PRl busnckalssedusdlshpior at least

primarily, bynigchighttabatmisichafissaissumption aes: prevantes-baePersIne,figldfrom
considering+ [ llic_linings.instead of linings created from ceramic or other fireproof
25messes, g@g@&iﬁ%ﬁ@%ﬁ%@%&%ﬁ So*fe %ﬁ%%dﬁ%&%\%@rgﬂﬁég%@e?éttﬁﬁi&ﬂtféi?ﬁjjexpensive
and did not Fegeiin¥atisfactoniyddnh epdtdir tirees Ehid inveativnds alse fased upon the

realizgtion that-metal terjaj ' uately tempered against high temperature
corrosion th_?(?tsfgh 303@&:‘%@{ c%ﬁa\ﬁ@%@%ﬁ}oﬁﬁﬁr% ‘]\?vor sg %Rnv%ﬁnggﬁog%ﬁg&%ﬁﬁﬁt%oﬁgwg{s%nstantly

being formetl dhetREesL FrabetWRethER are 0fliewntjubsistasamtiepustome Slianicatisitesses of
abrasion. Begauselof fiisathepreferpy mﬁ%i@!sra@ééighé@éﬂﬂﬂ@%ﬁffv 8H9§58”a‘bﬁe stant alloys,

especially steels contair&ing c,hrorln%and nickel-based alloys. Because of their durability under the
a

process condiiony SaANEIHERS abSERRE SR aRseEpEEaNSHRERAbld 6r lasatin ohdnafacture of

the insert tuhese keotider 66 tachievtien ptimahigasdlautiis Rlehindhe-slegvesis-shaped conically or
roundgyl off(g e#%ﬂ%bdg%o %%ealsgnt a tearing edge from forming at the rear end of the sleeve as it
10has been insertedinto the codling tube, which might result in turbulence and material erosion within
the cooing tube, the end of the tube which is placed against the piate is attached to the insert sleeve

(7). An addiﬁq{@mg%t}atg%mégg wé ﬂ%%/ﬁet a3 {}P]%yngl&r&aeeép&lé%ged iréttgs 15invention is in the

formability of the metallic materials out of which they are constructéd. This M&EkES St Pssible to attach
the sleeves RFfRIcDHINGaBE Bl dMsedimenatpasmintivus SEzan dsingiawmplpsegmmon procedure

such as rolliggntiasdtien ke raling teeipsessalhudraylicdasiening canbe ysedr,

15 preferred thickness of the plate is between 2 mm and 10 mm.

As mentioned above, material erosion in the gas inlet region, especially in the
highly impacted central region of the tube plate, by the combined effects of high-
temperature corrosion (scaling) and mechanical erosion of the corrosion product
20 that has been formed (iron oxide). As such, this is a new awareness that has not
previously been considered in the industry, where it has always been accepted
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 metaliic 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



20The material characteristics of the insert sleeves make it possible to produce the sleeves with a thin
wall, which further minimizes the formation of tearing edge at the opposite end of the tube from the
face. Also, a very thin wall which is firmly attached to 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
competrison with the current state-of-the-art technology, this invention exhibits the following

advantages®'® MIN-TERRAIEE 15 USRHRL; R EHRYSr fepciiddiis iy €oBlgiRdtist and 30do

not need anyrspeciahpiotettioragainstibusBegardalliiahSihe stability ohthe ¢eelingdubes and of the
sleeves is nggﬁlcﬂﬁed under as Wuch strain as WI;{}(—‘I-%ceramic is used. Among other reasons, this is
because permanant Cornection betwaen cooling tube Ay SHeaRANNR RTRER Rienpidted Wintil the rolling
or hydraulicfastenguakestpaoescrhisiSmeans that the process is applicable for repairs or
modifigations to previously-used coolers with cooling tubes which have been increased in internal
diameter by removal. On machines such as these that have previously been damaged, it becomes
necessary tohRiRE S a66iEsAaeRPARDE b dausd bistdahindhial strnuwalithab hpsdlready taken

place, Obut wiRthgmatesiais sgedritdecomes easily do-able. The insert sleeves are then attached by
roiling or hydraulic fastening and widened slightly more than they would be on comparable undamaged
cooling tubes. Low manufacturing costs due to use of common materials and processes, automatable

mass productias &b hastabiadenOfcaeeeleides Hees Rtbngimah PrelEPIBRRY ek, SUEASs it
sandbllastingh but no additignal tr a% ent o{. the outer surface and no closing of tubes as would be
necessary, for a?%Blg?%ﬁgﬁ EHEBI 15oCR PHAB I Reasynich mighiesuhin, UeatdeeshaRinal, since

tools requirethfdethiserssambiytiaire thlk 20conuionty-tisedstaptiard tapls wWassallation period is
comparativeg{gséwg, tﬁi%)‘?a?é)igrb"‘tbé’éﬁeaqg‘%se R{Slgipgilsﬁxr éat\}gag ents must be installed. Likewise,
| d be,

there is no neéd for welding or firing, as there wou or example, with a pliable mass. Another very
important aspect is the quick and easy disassembly of the

An additional advantage of the insert sleeves as they are employed in this

15 invention is in the formability of the metallic materials out of which they are
constructed. This makes it possible to attach the sleeves to the cooling tube in a
secure and continuous seam using a simple, common procedure such as rolling.
in addition to rolling, the process of hydraulic fastening can be used.

20 The material characteristics of the insert sieeves make it possible to produce the
sleeves with a thin wall, which further minimizes the formation of tearing edge at
the opposite end of the tube from the face. Also, a very thin wall which is firmiy
attached to 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 slesves, are very robust and

30 do not need any special protection against bumping or faliing.



25installed insert sleeves, with no danger of damage to the cooler. Prefer- ably, a suitable tool (such
as an internal pipe cutter, miliinc 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 tne cooling tube and the
sleeve tube, onto which the sleeve tube would be manually pulled. 30 The plates of the insert sleeves
can bechamfered aTL t@%?%‘{ﬁ?’ rp aninc \{vhere the sleeve edges form the outer rim of the total

A5 riot ARt ABineIHEa A SRR R0 & et diveyde iron tomicashaniidge

formed surface and do'no

Application of the shellchrelrtibexhedtdransfenaschangsy %&@BWQ%@HQF%%%B’F@M] i not limited to
thermal cracking equ S&tégr %tmi_:"t can be applied to 5other processes where 'similar stresses
impact the materials %%%]caus of the operating %Qé%’ai ShY SHRIS Rst bikamaé, slermetieaeisrom
fluidized bed combu¥tiorPairteimbustibriftarbifies. or Snel-anittehadigataxrbanggrs.agoutined in this
inventign can be degignged e all.c on construction lotcats, including fixed plate,
floating head, and U-bend ﬁ%@%%&%%ﬁ@ﬂ%%@eﬁ%{ 8?%&@%@@%%@ used in
cracking facilities. FRIGHCYSHo8 % eroiersadtivaaitiwint tresughichtibe olate (2hwith dadhis
15instance, 2 exempigihepglitaditas (fawbieh e base plate by means of a tube
weld (3). A single sleeve consisting of a sleeve tlu%;é% &%%%ﬁ a‘gé glé%\% Prate efg?iggiﬁg@ﬁ\é% in each
cooling tube. The pI%[igg'%%&r}f’&??bQHE@I%%%g BerrRIgKSOMReRRARIY (0) slaire sncatition £dging rim
(8), against which teyafiatut itingprecisely, Taisanakasiaassibie sompletely cover the tube
20plateg2). The inflowing.cracking gas js thus, prevented from striking the plate,’ instead s?r?klhg the
ed G b

face of the insert sleeve plate. Figure. 8e"fo%81% PIERGIRRIFRS beefoRde ahinderaiegeevand Figure
3 depicts the top viekeol thie aiace stebyeoTing sleayel cantistesat egSIeRY & NBsL4)XagHRothe sleeve
plate (5). The round%,%’lﬂ%ﬁﬂi%ﬂ\K@Lﬁ&‘%éhgncggnm;ges(?a EUbe &nd

e undamaged cooling tubes.
Low manufacturing costs due to use of common materials and processes
automatable mass production.

15 - Installation of a cooler requires only minimal preliminary work, such as

sandblasting, but no additional treatment of the outer surface and no
closing of tubes as would be necessary, for example, when applying a
pliable mass,

Assembly costs are minimal, since tools required for this assembly are all
20 commonly-used standard tools,

- 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 exampie, 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 sleaves 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



(7) are also clearly recognizable. 30 Reference Key List (1) Cooling tube 5 (2) Tube plate (3) Tube
weld (4) Sleeve tube (5)

1 between the insert sleeve plate and the tube plate,

Application of the shell-and-tube heat transfer exchanger as outlined in this

invention is not limited to thermal cracking equipment. In fact, it can be applied to

other processes where similar stresses impact the materials because of the
operating conditions such as, for example, downstream from fluidized bed
combustion or combustion turbines.

Sheli-and-tube heat exchangers as outiined in this invention can be designed to

10 accommodate all common construction formats, including fixed plate

, floating
head, and U-bend heat exchangers. Fixed-plate heat exchangers are commonl
used in cracking facilities.

y

Figure 1 shows a cross-section drawing through a tube plate (2) with, in this
instance, 2 exemplary cooling tubes (1) which are connected to the base plate by
means of a tube weld (3). A single sleeve consisting of a slesve tube (4)and a
sleeve plate (5) is inserted in each cooling tube. The plates attached to the

15

sleeves of neighboring tubes (1) share a common edging rim (8), against which
they all abut, fitting precisely. This makes it possible to compietely cover the tube

plate (2). The inflowing cracking gas is thus prevented from striking the plate,
instead striking the face of the insert sleeve plate.

20

Figure 2 depicts the longitudinal section of an insert sleeve, and Figure 3 depicts

the top view of the same sieeve. The sleeve consists of the sleeve tube (4) and

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

25

30

TN



Sleeve plate (6) Rounded entry region 10 (7) Chamfered tube end (8) Edgingrim 15 20 25

1 Reference Key List

&) Cooling tube
5 (2)  Tube plate
(3)  Tube weld
(4)  Sleeve tube
(5) Sleeve plate
(6)  Rounded entry region
10 (7)  Chamfered tube end
(8)  Edgingrim
15
20
25

30

4.



30 CSL.L.P Claims 1A shell-and-tube heat exchanger (RWUE) for cooling gas from a thermal
cracking plant, comprising 5a) tube plates having a lining that is resistant to wear due to scaling;
b) cooling tubes (1), through which gas to be cooled flows, each cooling tu Q ing held at both ends
by one tube plate; c) a shell through which coolant for cooling the gas flows, and d) a plurality
of sleeves formed from tubes (4) and plates (5) péqgi d at 10 one end of the tubes, with the plates
facing at 90" with respect to a longitudinal axis of the tubes, and having holes formed therein so that
gas that flows therein passes through the plates (5) and flows inside the tubes, wherein, at a side
where gas entering the shell-and-tube heat exchanger flows, at least part of a gas inlet side tube plate
(2) is coverdd by agp‘fa@I(@p@&fttﬁ@f@ﬁé@x@l@,a\nans@é/\\lbﬂﬁbémg:@wmgasﬁmmaawm by side,
and outer egr%ecf.of thF R{ates rT@?.that face each other are inserted into tube ends so as to abut against
2

CKi aht, co isin "
each other, an v%e‘?eln insertfon slgeves are formed from austenitic steel.

5 a) tube plates having a lining that is resistant to wear due to scaling;
b) cooling tubes (1), through which gas to be cooled flows, each cooling
tube being held at both ends by one tube plate;
¢) a shell through which coolant for cooling the gas flows, and
d) a plurality of sleeves formed from tubes (4) and plates (5) provided at
10 one end of the tubes, with the plates facing at 90° with respect to a longitudinal
axis of the tubes, and having holes formed therein so that gas that flows therein
passes through the plates (5) and flows inside the tubes,
wherein, at a side where gas entering the shell-and-tube heat exchanger
flows, at least part of a gas inlet side tube plate (2) is covered by a plate (5) of the
15  sleeves, with sleeves being arranged individually side by side, and outer edges of
the plates (5) that face each other are inserted into tube ends so as to abut
against each other, and wherein

insertion sleeves are formed from austenitic steel.

20 2. The shell-and tube heat exchanger of claim 1, wherein the plates (5) are

centered about a center of a tube cross section.

3. The shell-and-tube heat exchanger of claim 1 or claim 2, wherein the
plates (5) are formed in such a shape that outer edges of plates of adjacent
25  sleeves abut each other, and such that at least a part of an inlet side tube plate is

covered with no gap.
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202.The shell-and tube heat exchanger of claim 1, wherein the plates (5) are centered about a center
of a tube cross section. 3.The shell-and-tube heat exchanger of claim 1 or clqupg, t/{herein the plates
(5) are formed in such a shape that outer edges of plates of adjacent 25sleeves abu each other, and
such that at least a part of an inlet side tube plate is covered with no gap. MC SUP 4. The shell-and
tube heat exchanger of any one of claims 1 to 3, wherein the plates (5) are quadrilateral, preferably

square. 5. The shell-and-tube heat exchanger of any one of claims 1 to 4, wherein an outer diameter

of the tubeg (4) of The sleeilenistahadhéat exshghidesofalley thaa oheldnnerdiaraetenéeine cooling
tubes (1). 6. The shell-and-tube heat exchanger of any one of claims 1 to 5, wherein 10length of the
tubes (4) ofifePigtasten arecleads!strajoniRfe BRI EBRIF0-150 mm, and most preferably, 100-120
mm. 7. The shell-and-tube heat exchanger of any one of claims 1 to 6, wherein wall thickness of the
tubes (4) of the insertion sleeves is 1 mm. 15 8. The shell-and-tube heat exchanger of any one of

claimssl tog, whergia dhiskners @bibe slatesdRaRidheinssrinr Yeeramis 21010 WRerein Bhe
shell-and-tube heat exchanger of any one of claims 1 to 8, wherein 20tube ends are chamfered at
opposite ergeao dimpiteesi B ofuhesn@Bridihe sleeves is equal to, or slightly smaller than,

the inner diameter of the cooling tubes (1).

6. The shell-and-tube heat exchanger of any one of claims 1 to 5, wherein
10  length of the tubes (4) of the insertion sleeves is 50-200 mm, preferably 70-150

mm, and most preferably, 100-120 mm.

7. The shell-and-tube heat exchanger of any one of claims 1 to 6, wherein
wall thickness of the tubes (4) of the insertion sleeves is 1 mm.

15
8. The shell-and-tube heat exchanger of any one of claims 1 to 7, wherein

thickness of the plates (5) of the insertion sleeves is 2-110 mm.

9. The shell-and-tube heat exchanger of any one of claims 1 to 8, wherein
20  tube ends are chamfered at opposite ends to the plates (5) of the insertion

sleeves.
10.  The shell-and tube heat exchanger of any one of claims 1 to 9, wherein

the insertion sleeves are fixed to respective cooling tubes by roll joints, or

25  hydraulic tube expansion.
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sleeves. 10. The shell-and tube heat exchanger of any one of claims 1 to 9, wherein the insertion
sleeves are fixed to respective cooling tubes by roll joints, or 25hydraulic tubegxpangion. MCSIAP
11.A method of providing a lining in the shell-and-tube heat exchanger of claim 1, comprising inserting
a sleeve, made up of tubes (4) and plates (5), into heat exchange pipes, and fixing insertion tubes (4)

of the sleeves to R NEALIXSPBRARRIRES HHRG IOUHSISRRTNAABEHE N & changer of
claim 1, comprising inserting a sleeve, made up of tubes (4) and plates (5), into
heat exchange pipes, and fixing insertion tubes (4) of the sleeves to the heat

exchange pipes using roll joints or hydraulic joints.
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