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Shel | - and- Tube Heat Exchanger with Wear-resistant Tube
Plate Lining The invention pertai nmmmmmmmmwmm

shel | -and-t ube heat exchanger (THE) e’ ns
wear -resi stant tube plate lining for appliseati on in

t hermal cracki ng equi pnent. 5 Shell-and-tube heat-

exc 3 thi ed, for e
ot hooaghe T8be t1e3 EYABrReE WA Bre Tiess o bikgnlate Lining
thermal cracking downstreamfromthe transfer |ine of
rn ce a d are referred to as quench
nggrﬁ\ge?\lsﬁoﬁﬁregﬁ 'E‘aﬂgéﬂtﬁﬁgﬁ% eX@Pam@ (@HE)nhich contains
aQuenabsietol el mah$é hﬁlﬁ@ff@F beﬁcé’tf&hsﬁ'ﬂath}eymgl &Qckmg equipment.

standards of construction and
characteristics. The hot reaction mxture di schar ged
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eghipgam thpdsceikylrge rtbmu@betl'(anmbnmktr@jd@hhstré’%)ﬁom the

tr‘éﬂém‘ép Iﬁ@@fe 5 ?g%rTrk rié_’ f"hrﬁc a% uﬁ,ﬂr t%ﬁrg?ecm%cﬁ g}]gé Iggg}}gllr\ §opl%rs (transfer

IIm dmhartgeaag@rdl'LLEisl)SS| rabl e side reactions. The quench
cooler, or THE, functions as a waste heat boiler in
whi ch high steam pressure can be created through

Qrremh cabiepn nfst ke Afbrie:
Si dﬁ%é@ Coki nS Cr et arr digte?%dnéqutcﬁ,!@, gﬁgﬁé'@raﬁgogégﬁﬁ%cﬂon and

maie r%ﬁﬁ?”ﬁt?st Ang hnt seeetion mixtore disshardee fr@mna/@dacklng

thro h oxl dati_on
OB bR LT A 0 o
OF gveR Aydipciasking reridue fercanvegedeie haxgh dvisich Eax triA&h

0 d ed| tothetubes of the
t%gg}l?rf%%g%r%hg ﬁ‘%ﬁ‘%y%gg g:g Qi6Rled ighly Meestuench
cwatelns tn‘mr:sientmmmd uritlsirableesid @freﬁ@t’@r@ T%'éqi]dé?ﬁﬁ%%gerzér THE,

the sane tijnge, ’fgtéglthe are carried asseé

f‘é”‘éﬁasﬁ%ea Hrstedaeatpller Jmhih, BiohtsteamroreRsur mms oredted
tinoaberevaperatishrtibed GaktbnAbATRY Ak, BANALLLS sigthe

cracked gas or coking renoval gas, SCharged
at high velocity from the cracking furnace, generally

COIORS RtaRiatibR BREAFs I &%ckiﬂb‘?u%cae)éioadrin%at%isegrto%ss, 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
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

chamber and then, from below, into the quench cooler, where it collides against
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30 chanber and then, frombelow, into the quench
cooler, where it collldes agai nst -- *cooooz* 1
the | ower tube plates before it is fed into the
remai nder of the process after its journey through
t he heat exchangi ng tubes of the quench cool er.

the power Rbe et b%*cﬁ’r%slt"rﬁeﬁ%tb retntl]&naé@%k t#wa?ﬂ 80ess after its

. contajns coking particles 5 I'ch” beco

JopBEyd8iaughdhe tgat ﬁxgthammm@mtoeesf treagbestHyodibe
cracking gas. In order to cool the hot reaction
m xture created in the cracking furnace quickly, the

lnoﬁpstteaﬁcséoti@meeurecpamdm@ef Un‘zﬁkﬂﬁﬁ? %@gsdoggagg?e#klﬂgﬂqamcles

d
Whlgg Z%s? Pt @gﬁ y@“ﬁ‘?@%@i}@ HWQ’:‘P%{H% Feagderdyy the cracking gas.
Incmn‘pr ssmd thevhbereausioh @nnﬂ@:"ré’@rééﬁe@r lﬂgﬂg 'Erz?&t'&r%%Purnace quickly,

" dﬁryster of the transfer |ine
Edutiance @FM‘?%@@%W fﬁfﬁa@talﬂﬁéhscoehm tibegasust be traversed

a§§ﬂgﬂgr§r82{galsg>ﬁhg nghrsg%rc'éggﬁélt?éa ‘?gérc'atn oqnegse nratbgjt:ﬁz%&ger de3|gn be

cqmpEssedhviigh gy@ldﬁTOémta&yj bnmdeeru: olifinl dlaseys &l the tr-E'?'r%fer line
whi ch

R ele are weakened,
| %'ngpégﬁgﬁéblﬁgces | t%/r nﬁ%@tn'frfq EFRMRligRsSeatiBing coking
parbististe amﬂmc&atrateeh@rmﬁ% et irBBR N EStHb ty b %ﬁé’%Hgttbg rc‘:ooimg
tu%% bﬁﬁ ?fef % sol uti ons have been p opose

LP AP HPABICHIREY spNesalyal be Wrightebartingsivaly elements
aef wesKeaad; wHidH @r@a@@é tH@aﬁ&féséllti %%é%@%%%{ﬁe&%ﬁ%g é:%sts and

érgbers (g emJI si ons:

MREENRXChareiDeE spSiihin Rieduction obweyimidret i c gas
created in coal gasification equipnent. In this
appllcatlon the tube plate on the gas inlet side is
Vadoes seluigne hawe debagedpomeizbethiskihe RS MBSO :se arc

Rkingt ot her on the outer
b gcgéﬁ mgh&o%q?rﬁ]zcgg% %\%@g §ﬂ%é]ls§s 'HBW%&Fméwah mgmbers, or
emmilarcbnmarrows to a section of tubing which in turnis

inserted into 25 a heat exchanger tube. This solution
of fers no gastight closure between the i ndividual

oo ree et e e el Bl
CF&%‘FCSE%C%I gagificRlen eayinseesoY this dppiisationy 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 wouid lead to buiidup 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 nozzies which are used would form a
tearing edge within the tube which, considering the high flow velocities within the
quench coolers, would result in heavy turbuiences. This would result in additional
erosion.
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the materials. In addition, the ends of the nozzles
whi ch are used would forma tearing edge within the
tube which, considering the high flow velocities
within the 30 quench coolers, would result in heavy
turbul ences. This would result in additional erosion.

In-C2=- Cﬂ:4ﬂ@40&8@(’9€4’ OHH L el
is con?rl sgd of Plgr!epr\z%%fl =AW ﬁ&'ﬁgs&%nﬁé}r’] e?l Oefdﬂreproo‘c
MRS eZRnionT BBRG CRR apBesNBtatesdyphakagonal hapRage dnd

hook
oo e A o HoSRnBelihrcireriedonienere
welded tpitaa enderhisernfltie dutst pimbat Tnamnaqeateu@ﬁaﬁdcén b8 attached

0 A A s s e e ol of

haing ardeaatiésznemblisicrddi lainifatibh. i S wi del y accepted that
a cooling tube installed within a reactor nust be
equi pped with a fireproof lining which is resistant to

Ineddasiticn) lt(|§Wé@a&cé&édlﬁaloﬁga)ohhgltl?:?@ﬁ{stél%drf/guce the

oL Lsk of tube failure and the res LIvSt VPN ghregctor must
¢ 66YiPREC WA Tiraprerftlineng whichut Wdﬂasgstaraiatoteroslom (sbelus at124

d
ORYE MR REL I RREER e Bt o MR BAIRRE BB s35 TG senetatien o
C%Iﬂ@mt@dmm the W‘lbWVld"hlg aeammn eadtlide 8661608R%: temperatures.

erosi on-resistant, fireproof 15 product. This coating
should initially be formed from a castabl e subst ance,

Thpl desibl BEF f o s
eeBLaYEch b o T8 c20 ILBELLY A g
S ﬁé’sec%p PLARGHWEN Rathemigaly inesdened, tnasiotreyisadt, fireproof
proRiel. Mhis 85 AMCsHdlid %ﬁ’t&fyﬁﬁﬁ%ﬂ%%gm 3 ga%tBB‘Lﬁ sybatance,

non-nmetal | i c-materi al
appitasrinag phabﬁﬁ fargiabaand fisalydire droadhieal itefnafbaAseadas
ﬁrteéP&{f fdat conbining ceramc and netallic conponents
ts 1n increased tinme, effort, and expense during
manuf acture, assenbly, and repair and often creates

RS HEESF: flyd ﬁﬁcqrﬂ'e{oanz{s%g;ga@r@%@:mm_m

T T e Kl
ght 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
varying ievels 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 nozzie (from the
perspective of flow direction) associated with the tearing edge located there.
Conftrary 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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ceram ¢ nozzl es al so have the probl em of turbul ence
and the acconpanying particular stresses to the
materials at the rear end of the nozzle (fromthe
perspective of flow direction) associated with the
tearing edge | ocated there. Contrary to the design

o B oL AT 83 LR 08 Bl Samaey g et e

outafedgecithafieproof o, 99'3“9"3’ gfroml@echlﬂl%ﬁ\g%ﬁ&ﬁalh Bf the form
ractica ause the res

or T B ey R BR oS ¥ Biraukencerst the edge. It should

alsoolng potedi that instalatibs of arlj

th g‘ﬁh acteristics, 31 resﬁl{ gﬁb?dné? %ﬁbret migterialonly protects
D Ratesss %‘I‘%ITé}?ée '%aﬂﬁ'wmﬁmta@e hoemg)a;dlmg proteéion for at

leddiehe ABhESare 0SS

et hr oeugh F:F?}el‘ pg?ﬁa&irc Hs;lgjaq L{bﬁgr '%L?@WO%F% pg@p@ﬁp%amow

dirgatien)c hnigrdap orikbe asceshpiishedusieapiyingus brdtesme: AbzA8er

sifefige. It should also be noted that installation of a

l'i ni ng made of a fireproof material only protects 5
the tube plate as such. There is a distinct advantage

i dj t f t |east the front t
ThteoprBBl%# gt)% f foqq?rﬁlé( &n@\%éagf"f@ﬁ‘?egaé 5§@2§p1r§g’t?l°vfgg;lfarea as
cofripaned ¢ treceipNerailiies l e

ﬂg"; %&l mrmcrtal e rslg/gé;sl g%gylnpgﬁt@%?%t}ﬁhfgp@’ d solution
'”‘ﬁf piates 6Pne SEP@?@ fittngst (spe é—f$d?\?gé5 T2 487 ) dretearcbroposad

g to.th

AR ] 95l 8075 RBBPOA 8 b g i o
ergrmcmar@,bgr (pee BpbiSa2 € 6O0cHIR- shaped fittings (see US-PS

35 52 487). Another proposed installing diffuser-type
di version fixtures which could be free-standing within

Fartiee parmases i @mluahzlhg dhe %wﬂﬁr@ﬂgfﬁ?wcﬁ%rﬁt}){ ﬁﬂrém't:ggF ah8%iso

rpo f zing the flow
priichind e fipe q?ﬁle ‘er'Fb "O81ANn g Nt arditiQnsab spogestian b been made
that thei THE barfiteddb it i
the THE be }I tted olut ”ﬂ%@ﬁéfg&?gﬁ@%‘dgﬁcﬁ%@ﬂ@&g t?ﬁnt into the
shapg| 9T ringds T BR ANSE e he aiighggelong thiegsriadder aicaps, and the

oy RS L Rty it e Geban®™ B0 el ha A
inlet (see EP 037 089 Al).

The intention here is that the coking particleé 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 erosion damage on

the tube plate and the tubes. However, an undesirable differentia| 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 o provide an

effective wear protection by applying a metaliic lining to the tube plate and to the

entry space of the cooling tubes. Ercsion at the inlet side tube plate and in the

cooling tubes made it necessary to periodically shut down the guench cooler for
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The intention here is that the coking particles
carried along in the focal range of the high-velocity
gas flow woul d be decelerated and in part deflected
outward in a radial pattern, so that they would then
no | onger contribute to erosion damage on 25 the tube
ate d t he tube However, an undesirabl e
p“ﬁP??veSr%dP?%ﬁC S8 V@'rg’ﬁ@an%é”éggdlﬁsétmbplmeﬁemm to correct

theXPeIsiBFeDy W%IN@Hzﬂeﬁﬁ%ﬁt(&tH’é td bIO%P o R b St Bam to

neani ng that there woul d gre
therpawirgowall Hieknassdarid @%@Iﬁlcalﬂ)pr@ﬁablnglthe thalind tubes. This

pr%EéféTBL\a%&aQ%@lr gj\%ﬁg@ ﬁqﬁngb%é'?{%? Id Vlgg\!\wﬁ%repg‘%g%ogg% ?Qr}mbs of the

resm@nmambsmasane rdmammngnatt@rbag suﬁw%é&é Rty well
si de tube in the coollngtu es n%(}

B (b Rt oA B s S o the MR tHiGls gnmerseriinanivivood.

cooler for -4 1 purposes of inspection and
Itgal ntenan?@%_ In the ﬁast peopl e attenpted to correct
Re PEEBISSERIishequiatit @”Fﬁ@@@|%lrosmnmﬁ1eegawh(£tmé@bas$ not

AR, b T M 808 UMD gornon
temmgturq-ﬁ@rgoypmﬁewmgl ) Sindengclcamiphi ek cﬁﬁﬁe%?h's)bn product
tr@fflad Bodh RAniOAISEAGLOTY 0 terms of the

resistance capabi of the repl acenent rraterl al s,
since these mght very well have the sane

cterl st Les as t materials that were originally
Tﬁu % ?eftpl%g [5ELNeR S gﬁ NYEREPR frato apRly memetallid lining Wthh is

hlgh@ereerstanﬂté hfgm%?nhéﬂaﬁ]rerc%%%eﬁ)cfhmtubé?ﬁ’ d SO| Sflnlet

mechani cal "erosi on onbi n

%Oflf@’etc@%@@ SRR Pdl@th@s¢tmra(csefmruce oF tmnm]m”gceﬁ@étl Hele

- 9 | t hat has been, f or ned
S'ﬁf'%f,ﬂ%gxf?{j RS, B R cREimenpatarisl (uctiny,
hﬁi&i]t\,@mainswm@etﬁmlerml ly maustrbe aidsisibié itd bBE aVaEh) mrﬁng Without

AL ki ReS T ekt S3BRcay s ioRoheLizbes ey to instal

andlleesy td\l’dm@\tmer rem@(mct eristics of the lining nust
have simlar material characteristics to the rest of
the equi pment material (ductili ty, heat expansion

Thesé bbricend ém-? artia
li ni ngﬁvc\:/l th %\a/te}é giagljg ndflany e@'é @clgg"eb aé[&)@lnapﬂc’r (THE)

SRHEPES ¥Yith  kibe platelinisBavhich lsere&swantm théwﬁﬂoccurnng in these
conditions for use in thermal cracking equipment which contains cooling tubes (1)
through which 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 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

inserting the tube ends into them (Fig.1), typified by the fact that the insert
sieeves are created from a heat-resistant metaliic material.
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and easy to renove or replace. 20 These objectives
were net by devel oping a shell-and-tube heat exchanger
(THE) equipped with a tube plate l'ining which is
resistant to the wear occurring in these conditions
for use in thernal cracki ng equi pnent which contains
cooling tubes (1) through which the gas to be cool ed
In pan@pledhiaedhedagert sl@@ée%erﬁgm@@bw@wtwted A8e s basic

ath@Jt%n%nQ%@RﬁQ o gtéf‘\% 4 @H&leﬁ%% th@tdbe is attached

casing throu CO0 ant terra
to thea plateasieh th(atzyheThsfa;mcﬁfatbe wiate lsepdaitiengal att290hahble to the

inl act ed S it enters
o e SUE JOMED b TR, Sl e B
veheasy opetop loathe/plataj Tawa)pﬂetee(FF idve) isyeforeictd alfow the inflowing
creat ed % ﬁh%‘t% t?, c%al sleeves si de-t o-si de
gagig Pasa HBugRdNe PR INtG lhe agl@st r{HO%thaSﬂ%éP@‘iQ@@Oﬂrﬁth'S
pringe &NEsleiwdAd sheply (d @il irt tH?N pibgd F*?ééfetré"'ﬁ fm%td.!ahféker of

the insert. sleeves are created from a heat- ?/esns t ant
thedribied ppeniRE &hedld be similarer@qualitpitee (ntegal digmataeof the tube.
ar . . hasi c
TR G a2 e raRUled BRALY i iited i diREpl) BY
mapieniegrotesdes, buisesiing, airttycheztisibo cohefopdiage such
that the surface of the plate is positioned at a 90
angle to the length axis of the tube. In other words,

lde?lw,ﬁi@el bthts eMoE_;_iEaie iﬁli‘ghetd&b'_&h sherestdr omt:j& bt %%s@@eb@&w The
, the at e, e ate Fig. IS per orated to

tuge |Sd‘\‘1‘x}‘9tﬁea>ﬁ"~*‘n'§| B&n ﬁ'greaaﬁ %&ﬁ%bet FrBegel thed!aeaustace.
Loditait tH% aml% héie rﬁé\r%dﬁé‘éjtam é@@'scﬁﬁ&d H‘th%fcéd?&rsof the

prinCiple, a hole woul S|npy dri

D*Bt&a@@aqﬂr eferably, the dianmeter of the dri I I ed
openi ng should be simlar or equal to the internal
di anmeter of the tube. The insert tubes can be

Thapla’taaisellf addmnglmm‘ Waijn a/\elhwtazlthanalbmdhe Quierydgk@ ofltge plate
ess cast reci sion co
tof et Beifenes e MaeE o e o sierRiegh stchmmapner as to

peRidecat l@ésﬁ@@aﬁlﬁ@@oﬁﬁrﬁl@ssga i collping foPBeStub8 M8 on the

Xi S |§_th1en t hreaded t hrough the center of the plate
'S

N8 bgically, the drilled hole mentioned above
is also located in the center of the

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
retative to one another. Suitable individual geometric shapes which would create
a solid, continuous larger surface when positioned next to each other would
inciude, 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
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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15 plate surface. 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

sl eeves in such a manner as to provide at |east a
parti al continuous, gapless covering for the tube

| at e f&r‘@te 20 inlet side (Fig. 1). The choice of
e@h’g‘é\!o ylevesindpe thke hastar @Ut&!dﬁiametarh@hiphm equal to or

i ich th
O”ﬁgﬁﬁ‘é’ﬁ“’é"%éé@ﬁﬂwﬂéimsﬁ“eéﬁ%ﬁt ek br % Gopig uve.

Thinis thasteway QﬂﬁittthbII@Serhaheevélsahvltgetb@ietatte@hédi'?ﬂwﬁs be fitted

ex‘%tlﬂhtw goc% %523 l | dteo'ﬁ%@tl nyous | arg

ace whén p ishe tthgquq}\bfgr[a@tncal

apptichtimrethat the epxtamal IengtHﬁoalﬂﬂUéé\bn&Héfr?s%ﬁsl(e%%@ﬁ%§%%ewhere
. I.soscel efs%t\\l/\\lher al | ééges are the sane | engt

In the ALy SR oY PE; fubgs BpaskEsg mm\/eelm Fbwards 150
meT in léxh@tﬁ@#é%%ﬁﬂ@néh@ sQ@a@BPTQB%%a{w@qur @doétg?%%oﬂfo and 120 mm

éespe g ose wher e al angl es an are
e FSREr @ timel. iheear b dais e @ perestritlis ageajiosthtilemgtt of the

HGh Y, 0 e rid network,
e gﬁ%@%@?ﬁﬁéﬂé?ﬁ% W °T T8 Sre et Mt amoer
onegiating candiBoryuare, then it woul d be preferable that

the plates of all the sleeves would be square. -6. 1
Conveniently, the sleeve in the tube has an outer

Thit evaeral twibkiodss of thguabes an@fthe P o hd mée\h §1HB!/A§5ra
a‘i%}ﬁ dtt annf f&’ﬁ’ amet er neasurement of the cooln

&e €S Q ed'H}ﬁrgﬁthTHE@ndrmnculareeemmg
cd’Mdltfbr{sh@énaaélt)ﬁ%hﬁgntvtfgl?t%cklﬂ%sfs'dftaﬁgat E&ﬁj% Itlrrﬁa?'{'

COOi t ubes has been establi
Pf&f%r&qg tisknesg b the alate is betmearn2 nuptanded 0 hengt h f or

tubes on the insert sleeves lies sonewhere in the

area of between 50 and 200 nm tubes neasuring between
AY enfbnes@bove) materaigirbsian én eb@ggg Mibyregfivhrt, R %C‘a”?, in the

$ i s e e I
telrﬁpi@‘eturefcohbelont (gbalirscirdmeehahial él%%ldnntgf ttﬂéb(?orm'cﬁhproduct

ect é e gre, test i npact under operatl
r@gﬁ‘&?t egﬁxsforme irorT 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
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
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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The material thickness of the tubes and the plate of
the insert sleeves are adapted to the rest of the
di mensi ons of the THE and particul ar operating
conditions. Generally, a tube wall thickness of about
1 mmis optimal. The 15 preferred thickness of the
late is between 2 mmand 10 nmm As nentioned above,
AR A feRPesaibss GrPITos e réeyiant alleys raspiesiallyexpelsicantaining

j MOV o ) r [ f..the tube
cH e g D Ot e TRACKE PN HBR eBlinldRriigR process
capditiopsiavitingsdare ngysteniticretediarare aspecediygnefdfrabibgor use in
r ' ro t hat has been forned (iron
mgﬁ?%gﬂ@%%@u‘g%&tﬁg%&i S a new awar eness that has not
previously been considered in the industry, where it
| haa al ways been accepted_that material erosion has
NERAERT O ey apymapgas flowetiie ifet wethel sjeevss is shaped
carBedignirGalnderbsmegon. This assunption has prevented
the experts in the field fromconsidering installing
nmetallic linings instead of |inings created from

Sl A Rl 0O B LR Bt B S i Y SIS as i
haf béénfn MSerta@tihteitpemsbﬁreag furet, @Viﬂghﬂmigheg‘%ﬁ_uﬂt ihfurbulence and

t ctorl . n oper URAL | S. IS I nventl on
el sfaG o BR e Blner'th pBF o iar tya whiaras praced
agaihsr thalpsatehd ahacted & b@ans@r@%%@fee@ot enper ed agai nst

hi gh tenperature corrosion through specific
condi tions-in other words, on which corrosion products

ARTRIdRtRInal S RaGE bf B RSk QIR0 {f{éﬁeac‘rlé[)%rﬁéﬁygﬁ S this

_then also suffiCiently resistant to

Inyephemiscialthg forexahiidy off theymetalio matedaisseutaff whicis theyhere
. i_al. e _hi,gh-tenperature, . .

CBRREIEE RS Foosdhis o e AL I STBRIAN Soing oe i

securband cuntinobus seamNGsing ekenpia sRinmbhWrecedfeadizs A roliing.

t hei.r. d il d t [ ondi t
s aBoRe P fling: e, Bfesi o BRIIE Tapteraxpeen BRIused.
preferable for use in mnufacture of the insert

T%ubes. 5 1n order to achieve an optimal gas flow, this
iNFITegtsrial ehrsaciesielies of hesinapt gleaveniroake yt possitte fmiprbduce the

sRidveb Qith 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.

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

- Compared to ceramic, the elements or insert sleeves, are very robust and

do not need any special protection against bumping or faliing.
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In order to prevent a tearing edge fromformng at the
rear end of the sleeve as it 10 has been inserted
into the cooling tube, which mght result in

turbul ence and nmaterial erosion within the cooing
tube, the end of the tube which is placed against the

pl ate is, attached to the insert sleeve (7). An
aadiﬁ?eoﬁtésﬁ'gydeﬂﬁﬁawhae Wihrs PREfitheistanves ianot hgedneder as
enpliaues sirBintdy &ihedSerAYRNS L bd S\ formability .

of the metallic mar eriréa‘?ﬁs%{n%lﬁ%"%vm?%égﬁheéJeQF%”S' s is
consGRER PEMRNENheReRedtion fratwidsinecdadingtttBe Bink Rseve tube is

cont | BuonDILE8 AT R Do Ee i Griauas elasge his
ﬁsdrmeam@at tTa panichdsi ieagpwcaimlgl fbggapéi!'@%r%eeﬁﬁﬁtic%s to

ydr ast eni.ng can. be used. e materia

char@létb lé)rglSi f“l’scesdq?)?(%?ﬁewiﬂﬁg@?ltmgIt%t&%whfﬁﬁ]k@\l?t berys ichdased in
t o pntdoeleibinetershyerrasyaM @H_r%abhln@s‘%'ch’asv‘{‘ﬂggg' that have
further. mnim ze e formation of tearing edge R

th
t he %’E&S’é‘ﬁ‘tyeb%er{ug%meﬁ@ it beomasnmedessancte. maks an additional
ver YestdHnsi ' ' ' to_the
cool | ndsi t :%@éc\:/vi I I_eqﬁa’l[\bg ”iéﬁﬁgg}é’%@r’@ﬁqﬁﬁﬂm alteqdytakgp place,
heat PYirwiffsthermatgrinls heet Bdlecognepeasityi dm-adfe. the im&Ert sleeves

wi | | I it thi oi nt 5.l n conparison

w t 12 ErbeREneERO8 e tpBhol AR slihind g winanes siantl

i nvemorethaexthieiviauld tizeorf mmwrﬁmemmawﬁé?diin tubes.

anp@(g\&qn%o ceram c, gelcﬁ)g el ements or insert s ee\ges,

are VeV FBHASHIRAFosdR IdEe mbcammgn spaserials and processes,

pr ot actonmaisigahass phasiptieg, or falling. 6. 1 - The

stabjlity of the cooling tubes and of the sleeves is

not &5155% ORy R @rcopder iegEites pndy minisalpesiincieaamverk, Such as

us edsariMmagiret - cause pernmanent
AR BB o SERMe bilbima P ORERVES

connection between cool I n t Gesand no
not @BAINCE ddbemar wadie bealecesgany, fdryshzmtbieCwhas RN a

“takes;pla This 5 means that the process Is
PP aes

appl of repairs or nodifications to

pr-evAesainplyesets ace henismali Sifics aobis ReqUIHRES Wik SR AMEF are al
been _incre sedal n qlTlé&grn | di aneter by renoval.
machFREANEHSEL st {BAE- have

instaliation period is comparatively short, since no anchors, screws, or
similar attachments must be instalied. Likewise, there is no need for
welding or firing, as there would be, for example, with a pliabie mass.

- Another very important aspect is the quick and easy disassembly of the
installed insert sieeves, with no danger of damage to the cooler. Prefar-
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 pulied.

- The plates of the insert sleeves can be chamfered at the edges, meaning
where the slesve 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
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previ ously been danaged, it becones necessary to nake
an additional expansion because of the nateri al
renoval that has al ready taken place, 10 but with the
materials used it becones easily do-able. The insert
sl eeves are then attached by rolling or hydraulic

fasteni ng and wi dened slightly nore than they woul d
bge@}ﬁe%'b DdP%Wé%ﬁ’H@%@eﬁﬁdcﬁtﬂtu@ platees. - Low

manuf acturing costs due to use of comon materials and
;E)roce_sses aut omat abl e mass production. 15 -
Appiicaipn &f thenshwll-and-tdiceheatdmnses emohangdrmis@ltined in this

. i dbl asti ng, t
D T R o A BB A1 Mt R be applied to
otbeostangsets wikes siarﬁ!amrxbds@eimgisesﬁ]%rraté‘r@s B Eof the

1L.N a | e nB\ss. se COosSts are
ofdHEnaRBhkife Sued ps e ExR e ¢ dowo e deunLid secbed

cahbustithh eodermhstiopsaehiséandard tools. - Installation
period is conparatively short, since no anchors,
screws, or simlar attachnents nust be install ed.

Shi . : . ; i.n r firinpg,, as
héﬁlkﬁmj&@bel ggg{e @x%f%rn@gg(snaﬁ% g{h‘?{ﬁdt lﬁﬁhgdmg%{ﬁlog AR Eg designed to

there wou )
aggreRmetateealy compent construstien foimatsh aoidin firsd pRAE Yfloating

e e P et Ref e

d %n ert sleeves, wth

-RiAte peafrrchangpys age commonly
used tnatriaekingdécilitasch as an i nternal pipe cutter,

mlling cutter, or drill) would be used to nake a

split cut between the plate and the tube. After

Figer@vadhotfs 4 Broselsdcion inserted.. . ...

. Il;wtween the cool ng ?Ebea@gﬁgﬂ}rﬁgﬁ?égg%bﬁgé,ﬁ)e‘gﬁpom this
INRFANOR EIRxCEIRiaEcaaling twlers () behichrasalcopnpetetiad th8Gase plate by
| f ian L can_ be_chanfered at

ARl SRSl WGl SLERY SPER DB E LA Ehedl anc
slegveplate(bpis insertatbiratadrocomithgstubtaThe phftes d@&abRbd 30 e

i 0i Nk NG . | eenes, so_that they do not forma
SRRY 8L Bl R3S T 3T R S uER einse® (80 cagmiasigvnich
thdyealt albat, Pttiageprecisely. This makes it possible to completely cover the tube

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

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

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

=16 -



10

15

20

30

Application of the shell-and-tube heat transfer

exchanger as outlined in this invention is not

limted to thermal cracking equipnent. In fact, it can

be applied to 5 other processes where simlar

stresses inpact the materials because of the operating

bl such as, for exanple, downstream from

R%@Eﬁh%gggpggg conmbusti on or conbustion turbines.

Shel | - and-tube heat exchangers as outlined in this

i nvention can be designed to 10 accommodate al

comon construction formats, including fixed plate,
(17 | oaTodlgng thiead, and U-bend heat exchangers.
zgixep- Iqte heat exchangers are conmmonly wused in
( rac%ﬁ%bpﬁ%bilities. Figure 1 shows a cross-section
(3fr awr e figough a tube plate (2) with, in this 15

| nstance, 2 exenplary cooling tubes (1) which are
(4¢onneleperiiubg t he base pl ate by neans of a tube weld
(5§3)4gée§g8%h§ sl eeve consisting of a sleeve tube (4)
and a sleeve plate (5) is inserted in each cooling
(6t ubeRommedmninereginn ached to the sl eeves of

ei ' e 1) share a common edging rim(8),
7 ga?%@ &&ﬁ?%hﬂﬁ%ég all abut, fitting precisely. This
(8rak elsdgihgpiossi bl e to conpl etely 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
the | ongitudinal section of an insert sleeve, and
Figure 3 depicts the top view of the sane sl eeve. 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 1 Reference Key List (1) Cooling tube 5 (2) Tube
plate (3) Tube weld (4) Sleeve tube
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(2)

(5) Sleeve plate (6) Rounded entry region 10 (7)
Chanfered tube end (8) Edging rim15 20 25 30 1
Patent clains 1. Shell-and-tube heat exchanger (THE)
equi pped with a tube plate Iining which is resistant
to wear for use in thermal cracking equi pmrent which 5
contains cooling tubes g%% t.hrough which the gas to be
cool ed is circul ated, S being secured by a
tube plate at both ends of the tube and enclosed in a

casi t hrough ,which a coolant material is circul ated.
2) §ﬁ€”§dkga&%ﬁxFW9%dI%M@ipnecu wihgasubarpiate fining
Si dey gheki ers the _
Sher| oA TRO NI (o ued P 1Rl oK p @il meng which
par CPAIARE Cagjing types ¢tk thveugraydicwitiecsiad ® 166 €abRE iB¥irculated,

al i gai ; ndj xidyal sl.eeves side-to-side
and aei R ATEaRBTE R Bl A Be Bl Sriath s qlihg tevoanc
e, ot o b, o o,
et ol i SuTaSE & g WheEbiat Sueng o nieh side whichds fmpacted by
t ypighEed ibyntehetfoasticlt had-tiheheans Hég{d s 2feayh

i nsert.. ‘I eeves ess neti ally qoﬂs?iggt{ééo gptrﬂsuggé;”%illgtle%t
whi @ﬁ“faiya?lf Qé—‘ﬁ@%cgt’e ST VEHEN i Cepaipcby alighingthetiates of
si t iradigdualtsieeRs: sirglig- ngt | §5..0f the tube
and | sI rﬁgr fSor at ed P% tgusﬁzdr? gnﬁlgyn%a% %‘%@ét ﬁ‘&\??tﬁéedge‘; and

i nf RGTRE %@get@dspiaggthem,duglﬁieﬁm thledftet tha} taNdseart

| Nt QiddWRsld@rddtbd frcdhn 3 nellilre@RySlidh B A G al m 2,

typi fied by trr1e )f:acit%?? %af%e tﬁgér}gﬂtépe@ﬂ'wﬁ@t%‘a&t e
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 fo the length axis of the

tube and is perforated in such a way as to allow the inflowing gases to
pass inrough the piate {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 slesves (8) in such a

manner as 1o provide at least a partial continuous, gapless covering for the
tube plate on the inlet side.

-1z.
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(5) is aligned with the center of the cross-section of

the tube. 4. THE as clained in the preceding d ains,

typified by the fact that the plate 25 (5) is

designed with a shape that allows the outer edges of

the plate to abut the outer edges of the plates of

5adj o'gg'gng s{?zsves (8) in such a manner as to provide

e SeaRD e e LoLeh o T eBIEAUIR (Pl fact trt
e tHa i i de. _ : as

cl ai nedpiigﬁé)@égggéﬁﬁ% @i%‘?l’n%gz%{ AYSEEHYAT In §3Rs-ed by

the fact that the plate (5) is preferably square or

rect gpg I h THE as .clained in one of the

6br eced| néééalérigﬁé léeﬁﬁpg%p?c??ﬁgf@éd“%? thresighes ftarptfied by the

t hat fadidhatube t(4d (Hror the Sbeguaha iDstar wi
| nment that ?g@ggﬁﬁlq{'%ﬁ]&t”r&mt?a

di th
s: ?gﬁﬁe%’/suﬁ”%?pgpm?eﬁgggﬁaﬁgo PhEQ!Y lightlyi smetierthah thBenterior

cool diegnetebestHeldodling Hife@pr ¢l ai med in one of the
preceding Cainms 2 ﬁrough 6) typified by the 10 fact
that the tube (4) on the insert sleeve has a |length

7meas g-gngs 00 f er abl -
bet ween 70bfﬂ®egg§bﬂm§]%@ﬁ%p@o%?&ﬁlgl%ﬂ%gé(\i@é’h‘gfo% typidied by the
120 fAA! tgat trptulbe (4 enl ihednsertosieced habe I@h@ﬁ\%b@egurehment of
Cl ai pendad ified he 15 fact that the
t ubeg(éz)aebmns%@@%i%Osoerﬁ%esp{ré%\';@%ééey"% {0 aRd didfems, and
meas @pmay betwaemm00 and TP msmc! ai med in one of the

preceding Clains 2 through 8, typified by the fact
that the plate (5) on the insert sleeve has a

8t hi cKitts as weAsedanent Ffhe 3 68 oo, THE
as cl.ai gﬁd 'hn one %)f:‘?t he _p?ec%%?lﬁg%&g?%qamgpﬁgtﬁp@'?d by the
typi 3% BiNEHEDE {4@n thednseresipagenas sl ealy thitknhess
consimadieemaht 8N ystenitic steel material. 25 11.

THE as claimed in one of the preceding Cains 2

t hrough 10, typified by
Q. 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.

10.  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 stee| material.

1. 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.
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the fact that the insert sleeve tube end at the
position opposite the plate (5) is chanfered. 30 -13.
1 12. THE as clainmed in one of the preceding Cains 2
through 11, typified by the fact that the insert
sleeve is firnmy attached to t he respective cooling

14 ub ) r | dra
Sxpansy on, s TR o e R e B el ot 1 astvpified by
out | thadactithatGheaiinsdrt eicaveds ﬁmm‘ty? bethchdd ) 1h re%b@bﬂcl\yeeé’oolmg
by ttﬂ? ar\ t[%g}?(écs eefve construyct ed of a tube (4)

a plare )(C FTH@rt Ei‘gu(?ﬁBy fRy! 'ﬁ@éPa@&@ﬁanger tube
and that the inserted tube of the sleeve (4) is
% njgg attached to the heat exchanger tube (1) by the-

r oceS3 PHICERR O PAYIPRING 3 dritfulascowttiBe@ il Bpiml0 withBa n2ferial

25 [#ing, 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 sieeve (4) is firmly attached to the heat exchanger tube (1) by the
process of roliing or hydraulic fastening.

S14.



