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1 - *159159* "Conposite tube, nmethod of production for

a conposite tube and use of a corrposHe t

invention relates to a conposite tube, mlmmmm “Imm
for producing a conposite tuhbe and to uses of @s9150%
conposite tube. Tube furnaces in which a hydrocarbon/

st eaflad € difbe PaRSEbd b PUSbdusEidesf@f a composite

i ndivrduoai Teanderin TO tubes (cr ackt I ube
coils) at terﬁé@f’aﬁﬂi@—%ﬁ—%ﬁe@eﬁ%ﬁaﬂe—%

heat -resi stant chrom umni ckel -steel alloy with a

high . %qu%ta%%e teola‘P%stdaéé"a(‘ Oms3 g@iwgtuﬁe ftyeagpsesess

anda r'ésl stance to carburl ation have proven

Slfmabrpeofd@rcme ai gleoreesditar utebgyr 8Rgisi §0of upss ©of 2
CRY;RQNg ey ude oi | derivatives) . The tube coils

conp Ise, for exanple, vertically running, straight

tube sections which are connected to one another via

Uﬁi&oeﬂufxu@@e@eﬂﬁs wiitgy ar eiydsuslanjooneattedmw mixthee is

! i bur ner.s. and _icn
Z@atsrggdsai gﬁapug tt%msourrlnegsoéfndﬁ?ﬁﬁr’ ?%%lg ﬁ!ar\s/gm\@ahﬁerlng
i mbersow@caachmggmurm depilati mf t KemBErAEHEESaRE above

RN 43, A gtk %‘e@ei’st‘é@l't(:hch&oﬁ\flb&ehlbkeQ_O steel
Wi t respect thereto, 1.e. runs in the direction

tt&ellrcmsﬂlfd? a Ubesh TRelFEARCE ube %ﬁﬁﬁtwﬁpQFaﬁﬁF‘gsng in
(e agL£sdd aﬁ@ &OlHi S65s eAndH00E. cirbuséruiten have

life of the cr tu S end

sﬁﬁ?ﬁ‘ﬁr}:aﬁ’tll@ r}gﬂf Eg hcla%(}burlmfeetrfaotﬁilq:e a%}\!gé%%sm of
angyddv s dbortaur NCm&deepenblerqiematmefaﬁdkl nghso pake. cRils
Crcué:rﬁ;?axl Jea,Ct Yo Ofe Jﬁ% CeOK' R Aal&11y - Surdi®g, gr %\Mﬂélght
f-a ayer of Car b6 eposits (pyrolysis coke) t he

t ubsbe naectians iwhigh BEei [GOAG-] t?y;?éleofamther via

hydr QeashonsuYs eberldas Ctﬂ@él)kl agegaﬁ;daerr@/ermém@du withe the
regi on of the i

| | .
opErGit Phg Sséixﬁer“iatq;a‘r %ﬁa?%ﬁg%oﬁgeal %Hg\rqwliaﬁsgenstbhgl%é with
t hehe systemnfpriessuoe udners rasd deheQEtfpwe itRehewhat is

tube. . Sygé eg.n QQghlEe AW eng WPl Ghe ThErAPBEAL hAE what is

severi
known as a dark side, which is offset by 90° with

respect thereto, i.e. runs in the direction of the rows
of tubes. The mean tube metal temperatures (TMT) are in

some cases over 1000°C.

The service life of the cracking tubes is dependent to
a very significant extent on their carburization
resistance and this in turn is dependent on the coking
rate. A crucial factor for the coking rate, 1i.e. the
growth of a layer of carbon deposits (pyrolysis coke)
on the tube inner wall is, in addition to the type of
hydrocarbons used, the cracking gas temperature in the
region of the inner wall and what is known as the
operating severity, which conceals the influence of the
system pressure and the residence time in the tube
system on the ethylene yield. The operating severity is
set on the basis of the mean outlet temperature of the

cracking gases (e.g. 850°C). The higher the gas
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set on the basis of the mean outlet tenperature of the
cracki ng gases (e.g. 850C). The higher the gas

~~~~~~~ (1 rtHtrorerrr ek ~~ *@0002* - 2
tenperature in the vicinity- of 4he tube inner wall

above this tenperature, the nore extensive the growh
otemperbayee oinpyried ysiisicdkey befonklse dnba hénner wall

In ul ati acg%gg 9L LhLS Itq;éer (?fé O\A.&tten@ﬂ,ebed{aet ﬁkowth

era Uure to rncréeasé still rther. Althoug
cbrfomt@m nilekesis stafel RYTONES ont R ngb%C%e%f "ahd® the

CQEQ%Hatl%ﬁe%éggbﬁf ghi@isum angh- oye1ow80 tofe Niutkel metal
fo exanple 35% of chrom um 45]a %f ckel riq
aﬁﬁf“@ﬁrraétuéel%Bf HROBEART tHatt WédtF fas ho%(?h the
W@hgfdr@umlg?l\i@k@ 1h|sgjeerle$1§1c@m edreciaring i Qa4 % opf aagbon,
carbon us tothe t t f

oRVEE | g)? rEllPrgadéJl?c?ov@vléra die %Cfts nikkehe for

consi der a
cabdampleatllﬁr vvhlfchmﬂamum ‘ti"o/caiDEonrléc‘ir’t‘t‘e‘elntsf"”@)"'l"l if

ég: Q 3% gty W@fl deprbsinof Qh@ttoa%e”WUSEHISaBS tube
iated wth conS|derabIe enbrittl ement. of

tu@éerﬁ@tlerlﬂ%‘i’e @i ttH $theTBFSREBRCEr &8k F%T ﬂ%?]tjr?}n' and
t ke r@yent di pfudsiclingbl Nghd henbal wWedddsati defarctiscular the

20 RE%r e HFEEF bont fopost T4 ( cok?ng) “on hg 20

on” deposi S (coking) on
tuiaaerbumrzeartﬂmil , whichs casceyrunt f 59 (Qraa-’éil@fhgcontents of

%'P“ £g Jme i@t %igph%%tfhrsoraﬂlUESthtlmnandTﬁ@g is
the pyro ySI's burnt with the aid of_a
stasaacdiatad x‘t”th]@ copfideralder EAFISAEERG Shethe tuve

L%ﬁe{jﬂﬁ@lﬁ? vflqah Whd orﬁ?% 36f hevask aadmbheoref dnethas exrent
onsi der abl e adverse effect ntheecn f
prceSSUCBRRAE{-BH pé?ee‘?ﬁa]%go?gg ‘has’ dPsg?ogg% ? ‘Lﬁ&l the
offurat=aeKiing Hathes stidrdtadng drichshuyll tdwtgh | nner

fins of 30 this type result in an internal surface
area which is a good per cent, for ex

| e
gchreak tfow Loer SSEb MERIRIG oHETE S (W8 RSy Tube

trigfisferwailey it is necessary for cracking operation to
be interrupted from time to time and for the pyrolysis
coke to be burnt with the aid of a steam/air mixture.
This requires operation to be interrupted for up to
36 hours, and therefore has a considerable adverse

effect on the economics of the process.

British patent 969 796 has disclosed the wuse of
cracking tubes with inner fins. Although inner fins of
this type result in an internal surface area which is a
good per cent, for example 10%, larger, with a
corresponding improvement in the heat transfer, they
are also associated with the drawback of a considerably
increased pressure loss compared to a smooth tube, on
account of friction at the enlarged tube inner surface.
The higher pressure loss requires a higher system
pressure and therefore has an adverse effect on the
yield. An additional factor is that known tube

materials with high carbon and chromium contents can no
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are al so associated with the drawback of a

considerably increased pressure | oss conpared to a
snoot h tube, on 35 account of friction at the enlarged
tube inner surface. The higler- pressure | oss requires

a higher system pressure and therefore has an adverse
efibagkron Bdie pybelidedAn mddi tbodakotadhgr i fathat example

kno tube .materials Wi § ig ar hr m
cGRLERPEEES Yo 3 e%gerg%g pl}]'(r)1 |I2%%by %glcd %yl nthelr

f e fexamplid i tyoldbquressssin @repiay s etiheh@lF afbReRILE and
t IE%te %%Ilst(?%%f orgmbld ity feck easesngr 6R1 4yt asnt hachetse .

stren e resi stance to carburization

o%’ﬁld&t il | Aefedse. tBe THIGM kW PRd™EG3the” W%?Fﬁﬂﬂb%es of,

KEEQL éﬁﬂﬁ%létuﬁ%f eb, 16@0°@Xammh@h.u@réo<ﬁﬁﬁ&&@ﬂe with
ich are desira re ar

yiTE9RT S eb8i r PG te‘rFé"yLilsfaé1 r| ?u f‘?igﬁagtt%et ubes. of

1@ elnit raefnigai Iflyg ala sta stuibreg, - the m)Iten alloy is cast

into the end of a tubular casting nould which rotates

at such a high velocity that the nolten_alloy forns

| dyercemttifugal arprsying t 1819 nMhetteR déldPYt He c%"é‘,ﬂ'rndnto

Tgtli'{teﬂee@{gé?ff the @lﬂd@aﬁagasehngll frdacﬁdl.dt heicat atoorced at

in iS'S and t b

b&ESFT oY tVI’ﬁLﬂso gﬁgg dte}[’ect e?f%et\:ﬁ S%X‘gg‘:hﬂ‘&%‘s =

dl’lld}}rc—ﬁd @ﬁltlﬁq@tdl h$lb9ng>hh tine drder toidaveft hhe casting
r@%%%f tern@hedhﬁqg e%aﬁmgbfyﬁl é&muﬁhé'gét&thbn of

; ht 61t he a %% wll therefore 20
fdheat basnlnhe nowideist FHRPRYMbe NG tthh? h&UpPss jripich

tlgﬁe.{err}ggs%éﬁnlé&eclgﬁrgyﬁg Ryat h@aﬂrlﬂébléﬂect‘%)&\evglhe stulse is
st tubes can on e th
oy ka0l FYeTa 480 SFIEHEY i Ty orrags Lo Mdve che

elegiuioted | eatbynglt etizaletreanoving redlvieni hypoper def owill

Is requir t f
E O B cht SR D S50y o60B e, | RRES I UPP s pergroxe
el ettoattytow Heehinshde opf atBentEPrugiFy E&8t rleﬁgﬁt that

?gdgéy 4 SrdRas &y the taber Piank is introduced in

However, since centrifugally cast tubes can only be
produced with cylindrical walls, a special cutting or
electrolytically material-removing machining operation

is required to produce an internally finned tube.

European patent EP 0 980 729 Bl describes this type of
electrolytic machining of a centrifugally cast tube.
For this purpose, the tube blank is introduced in to a
holding device which is sealed all the way around at
its open ends. The sealing only allows an electrolyte
to flow in and out and an electrode bar, which has an
electrode attached to its end, to pass through; the
electrode can be moved by means of the electrode bar
along the inside of the tube to be machined, in the
axial direction of the tube. On its outer surface, the
electrode has a series of peaks and valleys. The

material of the inner side of the tube is



st

10

15

20

25

30

35

hol di ng device which is sealed all the way around at
its open ends. The sealing only allows an el ectrolyte
to flowin and out and an el ectrode bar, which has an
el ectrode attached to its end, to0 pass through; the 35
el ectrode can be noved by neans of the el ectrode bar

aE.Q@lgtg:BQyit{i_&iade?fréﬂtﬁfddgbﬁyt a belnmge ned ferendr  being
axi al direction of t t ube. i{1s o r fa hex, ;
ePEPLAGGe ﬁ%\est"’é\eesréri E,-Eeof egg&%oéfﬁd v%ﬁ[‘(seyg%Thg&bé Svia
matlecicaticafl ttermimeks si dbich tawe t abganged spaced apart
ela?.%}l‘rgm%{é[ cally rempved by; acuektage drdRianse Webdlg at
appli €d between the el ectrode and the tube via .

elcdet réndl oferinaPISCHEPER R ar FAndet-Spledd 4Kt TUPe
al;Ratike tubenrand geida Wi ewir aerndredinecbifortid ogkometric

5 the end of. the el ectrode bar,  _In.thi e

i §O@PCoros stRF oS V\?T]Ffaac%r S i Ité’leofgjt%gglé%%ér]rbt %ngver'
shape efrddessotiaer pronveac ecuip lithe tel e@ad@UtHovever ,
this process has proven conplex to carry out. 10 The

production of conposite tubes by centrifugal casti ng,
wiTihe t her piuctiambesofr o#ER@Silfes egatit® g%chrcﬁf‘ﬁﬁl ugal
Stc%%ﬁi@ﬂ_;d,_ beiing, et | usgi-cat hiye O pedatioe@nein separate
another,”is known from US 6, 406 fﬁo Bl ich_.
dESSHIBERT £ 1 VNPT I phpe? 1é§9f%?y\?¥aﬁ(§rl)8??i g °ne
S@ﬂéﬂi&)ex;[hﬁélﬁcrﬁ;@ﬁfQOShbr& vsbe, ueedsas Bhe wharhi dgscribes
product for bent_ t [ 0 t £ ugal
St Brpd: Tor PeELies ety TR R T e tha The
outcenpdsibee | $upeuresed | mst heheolSt@¥ tsing ePFREBCEROY  the

0 %géﬂn%?%ﬂe%’éjagfoyi}:p@nceﬁo AL eSerttr BEUYAD 6peethgsortibpat of

forns 20 | ayer. of i d_all
t Pl ¥ st BRteRéataypPirg %ﬁ’ﬁ Sd.tl'ého?’f%f bgf"i‘%?gthggoured
alilrply t@fén”pt kn%_llg!e}fn sekihdifi estoorthemetisttisly afaudd, which
co ete solidificati th e I '
¢ i s 1A5F) h80ea, 89 Mok oBnB, B el ST1LYY Porms
cast Lagerpuifd, Lsguidasliny ZH nbhe eAnsdeendPial FBG chsting

F QL '§M8F,tg§ It akhay [0n oyt heokhpstdelpf shddifies
virtually solidified first alloy. "The N :

or immediately after complete solidification, the
molten alloy which forms the inner- tube is likewise
poured into the rotating casting mould, so that the
molten second alloy forms a layer of ligquid alloy on
the inside of the virtually solidified first alloy. The
two materials are mixed in the transition region
between outer tube and inner tube and thereby produce a
metallurgical join between the two tubes. The alloys
described in US 6,406,800 Bl are not suitable for use
in high-temperature pyrolysis. A further drawback 1is
that only alloys which are suitable for centrifugal

casting can be used for the inner and outer tubes.

Furthermore, it is known from US 5,069,866 to produce a
tube having an outer tube and an inner tube joined to
the outer tube by hot isostatic pressing (HIP) from two
powders. The austenitic steels or nickel alloys
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two materials are mxed in the transition region

bet ween outer tube and i nner tube and thereby produce

a netallurgical join between the two tubes. The

all oys 30 described in US 6, 406, 800 Bl are not

suitable for use in high-tenperature pyrolysis. A

f uether pdmawhackhas ddwimeonl,y mbweysr whiack drikkewise not

sui t.ab far _centri.fugal [ .f.or the
i ﬁHérta%ﬁr& gﬁlre?‘steuﬁéls%lgg '%%?“&jﬁer rtr:%?{eé %S/tr%?gg Known
fromUS 5,069,866 to produce a tube having an outer

t&?le.\?iré a?fi RRes HURE 4. iIRH tenet havaHEebnt ke Bysed on
hot™ i sostatic pressing (H P) fromtw%, owders. The
aGbeemudkl et eef s PECRGSERG @l FBYS §Di¢8schT bBarFACHIarly

t b}%tl_ld‘%%_lﬂ@ih dag thowarersped £r ¢ keshsedanotmpssed abhesperial
use iin high-tenperature pyrolysis. ln vj ' -
bé@?&ﬂ&ﬁﬁg‘,ont efarﬁ/'en’?PSﬁ £ bt:%)srede %%mﬁ’%grhgﬁgégg?gl Sis-
offupttoRasiorg a tubdswhictendepatol iepdse aelprocess for
rmtr%%%%itn% e PRl %‘?}T?J}Q,%II MREsedAd) 5Pekitdr tube.
aﬁbl|cat| n areas, such as for exanpl e hydropyrolysis.
Furthernore, it is intended to propose a process for

p&%@%c'ggobyéﬁs ihavisgvaa igheentubsidjettanmatter of the
t ube. O This praoblemis_solved by the s]g_lb' ect mafger
ofMife et ai P LShi £V ARVARER %ougogoﬁ?}lﬁuFé 'gns 27°
ar@ vedi Vien tHe thidcldhiedsai ns. 15 The invention is based

on the underlying concept of forming a conposite tube
having a first part-tube and a second part-tube, in
whilheh  oneepaibnt ube Pesedr apgedlien upferéykag concept of

p%@fﬂfﬁyiatéghﬁééfﬁeF%ﬁﬁétHQ@iﬁé A rfeeptrphugaktlipe and a
cast tube, and the second,g&rt-tube has &g been .

PIEGRRESY RAF fpriedtr e} r 83t n2nt™F r BT &~ poider > gyranged in
CH¥ Ni Bghtwo partttdibes, |thes phissithl ephot-thbet ubes a

accordi. t.o-the Loventiaon t e ecdfd I t
tocetrhterlgg“‘r?aaglals\)h i ﬁ%ggegﬁﬁb%’sp%%?altﬁgpﬁeifdcﬁt@i o%ag?eg@,gg has
sngeraspfoduesdnplye HSRFDPIR oF Y8R ENEDE from a powder. By

combining two part-tubes, it is possible for the tube
according to the invention to be specifically matched
to the demands imposed in special application areas,

"such as for example hydropyrolysis.

The second part-tube can be used in particular to
improve the corrosion properties, even at temperatures
of up to 1200°C, the wear resistance, the carburization
and coking behaviour when used in ethylene crackers and

the heat transfer of centrifugally cast tubes.

For use in the conveying of highly corrosive media, it
is possible to use a centrifugally cast tube made from
a corrosion-resistant material having, for example,
limited mechanical properties, while the remainder of
the wall thickness is made from a less expensive

material with good mechanical properties.
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The second part-tube can be used in particular to

i nprove the corrosion properties, even at tenperatures

of up to 1200C, the wear resistance, the carburization

and coki ng behavi our when used in ethyl ene crackers

and 30 the heat transfer of centrifugally cast tubes.
Fer L@&:dﬂlﬁhﬁ P@fconugyimdgfefd@ogm ymtorossivetnedi #nd t the
IS pos e to use a_centri a e om
p@&Fﬁ%&l&ﬁyres t ant*°wateri aﬁghg¥PﬁgﬁE %ggexgﬁggeié 2

| iceintted fueahayi caehspr (Ipérretl 65, mFTECEIRT FemEtiden 16 >for

ther?g#1&QFﬁan§%a deofrQH?@ré@éﬁb@%ﬁenSH&@ever, by

anlcal properties.
aé@cmmngofa i §§Cﬁ@ﬁog%ﬁﬂ?é%u%ul?ﬁ cr Ugtlrc?}ct]tﬁ epﬁﬁgul:ﬁg from a
d@ﬂ'tﬁbee&%h@gdﬂwﬁnhQEWﬂéd&ﬁaﬁd@ebsesalng, it is

centrlfu aII cast, tub articul arl I

t ROSEREM, Packllﬁﬁ’ag é?‘gggﬁgons \%g\l;égg b fcgr the
f @femu:rg falgaadq’nd:qasatr t Emueewhmnhc laries Lprmlétﬁblr%nb‘zi such
\Mﬁqﬁe Qs S k%&{ééléSo@ﬂété§c8ﬁ§3$é99 ~thbel 8an be

5ss 830, |rrpart urt properties to
cewtda f dganl y megsr iedise WHILER aP&eundffai ﬁ&BIt@bl})? Y i

a e iidgelf - chek iexa lr@cebﬁe §ﬁ§0l’kdarparkietlph®d‘nmed in
be 10 nadée from nat |asvvh| enog1 swtap: fo&lq
cé’rﬁ?t"fqefrug%‘i’r‘&asﬁuﬁej FB8CESs b cﬁﬁcﬁg FSduced atl be

el de@t mwfwt her rrgeemethrg sedmm p@rdmplﬁ)e @ansble‘face
pr ov'fld:Ld urln eQpetr regﬁrgxeggg@m@n\%urdcfacﬁls\dpowder

'duf Thg the pressure treatnent of po
15«71wn lowee ecernri fhaadlyy casst GuiRss, JROMREFISY of this

r@%t YPEn Cap tPlhefiWese Yy bpeachievies,dyy coppl evmplex
chining steps, for exg e a cutting or .
e|warcé1m%r€a| I ys'iﬁﬂ%'rl al ‘?Ermv?ﬁﬁmpiﬁach?m pgutting  or

O@Lrél%detﬂf&prSI t e\atumﬁacmmg 0 t her2gachining
I nvention may, a S I
{ FRS TR cgivan?éné%gé ft,? foeler nQQEBraHBBaceto Nthe

the a he w der choi ce of
rra:trereraimmm@m, ahewadds, p@§§pbll”@"l%/ & heme’ehofugtace. In

powdel c® to dihe fQfanddifder caftane Ciwicerst ahedse of
materials which are made possible by the use of a
powder come to the fore. Under certain circumstances,
it is also possible to dispense with the expensive
further treatment of the centrifugally cast tube, for
example the drilling operation, for the centrifugally

cast tube to be used in the composite.

A composite tube 1is to understood as meaning a tube
which, based on its cross section, has at least two
regions (part-tubes), which differ from one another by

virtue of the way in which they are produced.

A pressure treatment of the powder is to be understood
as meaning any compacting of the powder which, if
appropriate in combination with heating of the powder,
produces a cohesive solid from the powder or a

pre-compacted powder. It 1is particularly preferable for
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it is also possible to dispense with the expensive 25
further treatnment of the centrifugally cast tube, for
exanple the drilling operation, for the centrifugally
cast tube to be used in the conposite. A conposite

tube is to understood as neaning a tube 30 which,

based S8chhs @EA%S tseet i oo, Heaspaddlieadt Mywomeangi @fs hot

(part e mhlch [ r fromone another b vVirtue
e bt y

they are produced. A pressure
treatnent of the powder is to be understood 35 as

mgani g any «copact bhgoak mehe  powder whireh, Eﬁrt—tube is

appropriate in conbination with heatjng of t

owde
pEGEEEESda SCoIRs i ke ST ¥ ot A" pb eF38?n§ ga%@'EUbe'
PLe- GuERCiedcpewWdaRiallt diseparionc Wiartlye pcefiprabte tube,

for - second part-tube

O?WQnonﬁé%gththSBFgggﬁﬁglEHé% éﬁ%ﬁ pré%grgidge§ﬂ§face
eﬁhbdnmeneecbhe'maru tpdet - tHeeVer, 5ibr righgebsgopggsible
dl%g lLL Ye20h Ol d e %O'E%b%%” iﬂb%artﬁ%tﬂ%&n *f[lrther

the r di rection of the conposj te tube, nd
ofceinty ifndeddes GasT i &R PBi FRACRBT aPRRF T fUBES oPROfECed

SQﬁoﬁ%éégdﬁ%U@Eeat?@ﬁﬂgfromtal@owd%& .passiid eint bhis way
rovide further rt-tubes, in_particular_f -
céﬁ%ﬁ%l?? 85§$U‘Eﬁb¥§réPuFur]ﬁ¥e rspaorft EB&ESEIEQ tube
pwnduﬂedhab¢ ngsS®weedreatm&ntlhﬁonfarpdmuemf peritgcular
|r1t§yt ok é%té%&gé) Mayious layers of a
cdIPos tJb

have preferred properties for
their partlcular p03|t|on in the tube cross section.

15_ntpna plttte%e&eed e?ﬂﬁ&l?lrﬁ@{ﬁ the seecond Q&tﬁttulb@ hass a
e, .in particular one or nore internal n

I@Ofp]rjcﬁq | énrrﬁﬁ‘rgllézbﬁﬁéﬂ % xPEr H\glreprlor%terna]p\ % ﬁs the

mﬂﬁdﬂﬁﬂéxmaybelasedetanlﬁ%uﬁmnaﬂrpmbﬁ;léomkngrpﬁsﬂéecan

t e Co 13?1&&98?3858£Q'Ego&QPEhQnEQHQnEE%ne%hposite
omnn he out si he conp05|te
tttbéoefmcce:x@nmet@yth@wlrmteﬁg:lt%rﬁmpmeérh% lowing along
pardd cH arddaedr efser cad eabpgbBEPE tube, for example by
swirling them up. The particularly preferred embodiment
with internal fins is eminently suitable for use in a
process for the thermal cracking of hydrocarbons in the

presence of steam.

Depending on the side of the centrifugally cast tube
which is to be provided with the particular properties
by the second part-tube (outer side/inner side), it is
possible to produce the part-tube inside the first

part-tube or surrounding the first part-tube.

A preferred flow profile made up of core flow and
swirling flow in the composite tube according to the
invention with internal fins can be achieved using a
composite tube in which the flank angle of the fins,
which are preferably continuous from the start of the
tube to the end of the tube, i.e. the outer angle

between the fin flanks and the radius of the tube, 1is
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with internal fins is emnently suitable for use in a
process for the thermal cracking of hydrocarbons in
the 25 presence of steam Depending on the side of
the centrifugally cast tube sshich is to be provided
with the particular properties by the second
p@gbmtupeo(Qﬁiemoyldepramerabﬂge)l7l5°|§K301§0§§|blét is
uce the part i psi.de: th t akhat UWhéen
o PBEPTBERd MILRS TTET SRR thBe A el r e LT
pangnbe nace quneofap@réur%wnaﬁe i # | Vﬁé‘tfllr&:wr}ci?z\tqﬁe in
Jlfﬁéé% aggorgdifg tnibe Red nMest eualilyh exceed
|n erna I ns can be achleved usi n a ca 05|t 1EHRSr

i A5®hi ch tHeAPf aoH Ryl €fof CRAE 1§

?E%ﬁ%&a@aﬂoﬁonwagoua f£om tive Strertiaf tdfe 2t0l3betpo 40°,
e en t ube he a b

{ PRERRAPLYariE (o THdP IS of FRECERRo ire LUt 1geos

t @o2@,inpoefser abh:gouléns t 61¢8. Swhighij srettlﬁé?sefc‘}roe the fin

hb%ﬂ%% %hageﬁqgh '§h§n0§@nasfiiﬁk§enﬁﬂmuﬂ1aﬂ@b@s I £t&. the

t he ap rture ang a venturi nozzle.in
dlfloefmaltélﬁ?nofofl Gwde\ﬁlarlréllﬁ’lﬁoe%“’%‘\%’ie{%ualll ¥ exe oesoe% pgaits
Add anlewindlec®f thi $HeypEin | apaeyéculiar riat produced in

conblgg%%gg?gﬁégﬁg %% [ ndl tlg Plggcgof%%med in the

GI’]S res a nore or |less
CCfritri mmu&ytsurldmﬁcmrm fcnemmm@hfr@nutm font fearkp and is

F#g ?OEFQ% d% sl }IﬁinfﬁowmmTﬁQ E@§g§ Eﬁe?@ 18duced

Sira w sters 1. €. COS its
ofoyt Ltrrhmlénn@ ign thiegeffior ey AAURS AN G i@ IHof & Hd is

S e peone e e “h““ﬁmyfs‘” s riesae o
s det ache ramt he
i $he JKePE UBShF Lt hETBRFALIRG HSOWS ﬁeé%cvﬁér:g‘gﬁ‘r“gag moxe
Imﬂuﬁﬁduiﬁ dlysd heakéasths thmpef@tersubseanthalFybe cross
retalned %ﬁ’ ds t nostly consumed in the fin
vali ey IS 1eads to the tube netal tenperature
bei ng reduced and made nore even and al so makes the

t eFRer Al HE e sovercHdheriibeatneys 1secitdeon werwe@vephe fins

may be designed to be mirror-symmetrical in cross

in

section and adjoin one another or may form a helical
line with in each case identical radii of curvature.
The flank angle then results between the tangent in the
fin valley/fin transition point and the radius of the
composite tube. In this case, the fins are relatively
shallow; therefore, the fin height, i.e. the radial
distance between the fin wvalleys and the fin peaks,
results from the ratio of the fin surface area within
the envelope circle and the clear cross section. The
ratio should be between 0.06 and 0.01 (preferably
between 0.08 and 0.1). Therefore, the fin height
increases with increasing diameter, so that the
swirling flow is retained in the strength and direction

required for the action of the profile.

In other words, the reduction in the clear area, based

on a smooth tube with the same diameter as the envelope
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20 The fins and the fin valleys |ocated between the

fins my be designed to be mrror-symetrical in

cross section and adjoin one another or may form a
helical Iline with in each case identical radii of
curvature. 25 The flank angle then results between the

t angent ioF te Jrdrival |l ey fdth dosnsiti omngoint pagferably
the radius of th conposite tube. In this case, the
flfﬁgmallesr"eltgt | vgl °y shallow, therefore, the fin

hei ght i.e. the radial distance between the fin _

V?' 1¥e aod tfl‘ﬂT%vJ' Oeﬁ?gélf 3depd tsnf romet g athdleys,
TR surtace area h|n t he envel o e ircle

aﬁ@aidh@gcl sar er o%%l%e%ﬁ:%lngrheeffr%%o thepgore  to

b%\(»%%n RR6 1ard & QL rdunefier alke . bet ween 0 08 and
1). Therefore, the fin height increases with

| ncr easi ng diameter, so that the 35 swirling flowis
r&te&lumeohqaﬁetlselosm emlgah andidiesweedoive r efui el fipgernal
dﬁ%f%é¥]é¥ % Bééle IQd@JfE of\Wf 8y 5He preferably
ion

ear ar ea, based on a srmoth t%?ﬁ
wiet ht Lo Same wfaﬁmq:e&ntastpheacé?weop%hg fdioc | RF@FLle in

t B JyQfd % wlscr@ttﬂaasﬂnv@mam is preferably from
1.501 to 2.50. A greater flow velocity results in the

fin valleys, 5 leading to a self-cleaning effect and
t her efigs ecbopok cver tdeposiitts ofngpurelly st sngoks. atgsrsdance
have .shown that - .irrespect f Eh h|nt M ent f the
di* &%f 1PRERFiBEs %%Ze tch)t ajfé) ?E T ng oref er ably
1hettf | msans oS uEb¢ EF bRLenDS alil @veEQ h"eher | @V\Pb%%lflﬁ gf” the

& dances i t Rpt hep | ri\herﬂra@mawrt'a@s@prrappuwng and
e wth internal fins in accordance

Wi t
|mmﬁnvamg tHee rkayd of FHBL4RbtFEntE% PS{LH% t% Rexpotds
t rapgfars corfddmians @YrQOd o riadph tiuotdtertn ofnitdyeire, is
pressure |osses PQjin,the t 8Stye BRRYNYI R
art & SN ng ?ﬂeag\/\rsq%f s:gr‘n Y@j}ele{? gnéieusn ngSytEEJeflnned
Reyuigd dend rﬂJmTCStQﬂBtEEYSﬁ‘CP@'{h foiP%: napht ha/ st eam

mxture, is

The superiority of the composite tube according to the
invention (profile 3) compared to a smooth tube
(profile 0) and a finned tube with axially parallel
fins (profile 1), in which the radial distance between
the fin valleys and the fin peaks 1is 4.8 mm, is
illustrated by the data in the table below. The finned

tubes all had 8 fins and the same envelope circle.
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Classification H:

In the above table,

as follows:

4 X

Dhydr
circumference;

(clear

Cross

section) ./.

the hydraulic diameter is defined

internal

it preferably corresponds to the internal diameter of a

comparable
factor of 1.425.

In the water test,

invention gives a heat t

a factor of 2.56 compared to the smooth tube,

pressure loss (APg)

of 1.76.

In a preferred embodiment,

analysis of

smooth tube and then gives

ransfer (Qgr)

a homogeneity

the composite tube according to the

which is higher by

with a

which is increased by only a factor

the first part-tube has an
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In the water test, the conposite tube according to the
invention gives a heat transfer (QR) which is higher

by a factor of 2.56 conpared to the snooth tube, with
a 15 pressure | oss (APR) whigh i-s increased by only a

factor of 1 76 In a nre,f_e:—pﬁd—e#bed%m——{—he—\iﬂ—m—t—/
aEt=hhe has an anal ysis of |20 by -welilghtEl enent o by

C5 g nto 2 WO ta G _oth
L~ A~ vy O T O J

ethRer—o—10 1t |l ICIIU.I IIUCI

p
weight CTO. T to 0.5 C 20 tg
t g 05&“105}080 Nb O
andrit is particularly preferabl@ fo@r5qd he first

pprt-tube to consist of one of %i?etg)ld\b EN 10027 Part 1
_ _ \ . S SriNb35-25"—"5
X¥BNi Cr Si NbTi 35- 25, GX35Cr Ni Si Nox2-24,

KAoN Cr Si 35- 25, GX43Ni Cr Wbi 35- @’)_Stél 3 GXI ONi Cr Nb32- 20,

N Cr NS .20, 2N ﬁn\nl
A°A™ Sn b Bremre v issre L v s GNFCr28Y v UerblbUVV

Kg@%gV\ZrBB 30-04. These nmat e(lji@d;sl have proven 10

ar-ttcutarty —surtabte for nlgn-te g%ure use 1 n

m
G
gKWSNi Cr Si Nb45- 35, GX13Ni Cr Nb452 352 TX13Ni Or Np37- 25,
Y
Y

8eesses for the thermal crack Y drocarbons.—n

a

preferred enbodi nent, the second part-tube consi st s

of the sane. materi e first rt-tub 1 :

HGRS eritt oi€et pﬁ‘éritl é‘ﬁrlag Yor & er%elorgasblelt iP%r éhe first
pqmrbltﬁlhfe)rtcb heosetsndopawcnet Wfe thee cohSi EN anooa7 Part 1
Cer ats a]I r&aﬁten al, ?Q{\‘Pt%féﬁ@éab{)' ¢ mat egxalonlcr@l MBS - 25,

nt er ne

Ic materials can be made inert in

ag@fmwmw@% whi | e ODS mat er G FMNIGwNR24-24,

GX45NiCrSi35-25, GX43NiCrWsSi35-25-4, GX10NiCrNb32-20,

GX50CrNisSi30-30, G-NiCr28w, G-NiCrCoWw,
GX45NiCrSiNb45-35, GX13NiCrNb45-35, GX13NiCrNb37-25,
GX55NiCrW2r33-30-04. These materials have proven

particularly suitable for high-temperature use in

processes for the thermal cracking of hydrocarbons.

In a preferred embodiment, the second part-tube
consists of the same material as the first part-tube.
However, to set particular properties, it 1is also
possiblé for the second part-tube to consist of a
ceramic material, an intermetallic material or an ODS
material. Intermetallic materials can be made inert in
aggressive atmospheres, while ODS materials allow a
good creep rupture strength by using finely dispersed

oxides.

The process according to the invention for producing a
composite tube provides for a powder to be brought into
contact with the inner or outer surface of a
centrifugally cast tube, and the powder to be compacted
by pressure treatment to form the second part-tube and
joined to the centrifugally cast tube, in particular
metallurgically. The use of a powder to produce the

second part-tube makes it possible to produce the part-
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20 good creep rupture strength by using finely

di spersed oxides. The process according to the

i nvention for producing a conposite tube provides for

a powder to be brought into 125-contact with the inner

or outer surface of a centrifugally cast tube, and the
pewder frrhengospast edorbynapeesalr edmsatateimng ovioelnm are

t he second rt-tube and._.j-0ined trl
c&St tﬁ‘b%’fagﬂepagr % el grgrljﬁgl%’gﬁl uérﬁsléca ;sQTL(giﬂggHo, be

appodtersd o pridduce ¢drs BIEwdbhd pRitElalbe ABkEs jtinert
PAS§IRIh LR P Jde patt is Rsdivhe fiomasdess aksbes
or material conbinations which are not suitable for .

c T (RRINQsPE nGeBFT CAHIBALY 685 SprBt et W n°F “hetr
K/b%%%n@&%' e lay & gxamerd amthmsehetebe with a wall

reover, it |s ssible to pro e_tyhe I :

c r’}?éssce?]%rPg’gfé’alafy%‘é’st“%dndg}g%%u%?’ %%%%ﬁr gLves
gednet ryo shiehpassiibiléxunpife sslptimer thbeowreh ar inner
\é\?s]\}lersfatc@ ckiresg oée891:¥ffg?£ﬂ‘ﬂznmas:r@i SUde PafitthCUkpecific

: rise to the possibrlity of adapting the outer
omaQﬂﬁyal%nquﬁxacﬁPEﬂ%ﬁﬁﬁ*?@uga?¥?a%astl?ubewﬁﬂfﬂ the
tsli]&%}itflli(.‘ftu]é%flrw Ielri A=t o amtiegﬁalgn ar eagruimewhi chpecial

e centrifug y cast_materjals.requir eci :
pRRBVEG P f O%x%ﬁ%W%Q%rB?%%??%ho%gggﬁgPégo??g%Pgﬁon °r
orcolinlg .ng. 15 The powder can be sprayed onto the
surface of the <centrifugally cast tube which the

second part-tube is to adjoin. This is particularl
adhent @gpeisies] ycapnppensREyYSd ORéCcehPRi fHYRF 35S the

:%f%ﬁfﬁﬁﬁ éﬂ%yebﬁ¥§tQ@q§Nﬂﬁ?éﬁutﬁe Eﬁbdi?Sp@htpﬁshe is
centrifugally cast tube can either be .spr

with t &I Pdwder Thifedi dtSel y PAFTEF Y ¢ hds bé"‘éir‘{%%lgé%%é’#‘s”
Ccamgleemeapesd alify tledeateed rfigudglid yvapphstattiwdre ofist et an
pa i's ' ly pr rabke:for t oveer
t(é%%?é_ heaFgg&gggykggfhe gﬁ%guctkgﬁgof téé? ' che
corpiusi tfugalbe; cantstehA Fant iiheY or 8PERYSE y Vi hRe thE
plasfadt thRe8@BBely after it has been cast or can be

specially reheated for the application of the powder.

It is particularly preferable for the powder to be
heated during the production of the composite tube.
This can particularly preferably take place at the same
time as the pressure treatment, for example by means of
the hot isostatic pressing that is particularly
preferably employed. However, it is also possible for
the heating of the powder to precede the pressure
treatment. If the pressure treatment and the heating of
the powder are carried out simultaneously, the result
is a second part-tube with a high density, a low

porosity and good metallurgical bonding.

The heating of the powder can be effected by heat
transfer from the outside, for example by heating the
centrifugally cast tube or by means of a gas stream

flowing over the powder or by means of a heating
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time as the pressure treatnent, for exanple by neans

of the hot isostatic pressing that is particularly
preferably enpl oyed. However, it is also possible for

30 the heating of the powder 1go-precede the pressure
treatment. |If the pressure treatnent and the heating

ot etkeatpoywiesh aie car re@tkaoet winhl ttéweequsider t hdowever,

result. is.a second.part- e wth ' depnsi ¥,

| S _ﬁ&ro?ﬁfﬁ aﬁ8556% ewe%?%luﬁ%%cagogg%ginge 3%¥Th§eated
heaiduag iofeltyne powder can be effected by heat

transfer fromthe outside, for exanple by heating the
centrifugally cast tube or by neans of a gas st
f TOS rRPYIRY FRE RAwdRFe oFOPRAAeRits PO A Aidat
elem@pt My ch ks d N icontaet iwulh rilhe peederabligwedens by

it is also possible for.th er t :
i RGN f351W$E°B%méEF gﬁﬁ%@gnﬁre%bgﬁggggégﬂ%$1o%t can
t ®et herepresmaered reatsisdd . tHhi sensr phwgatly apayt tube to
p?§ﬁ¥a§'%h.%@%*%bdiha%ngeiﬁﬁpﬂPfexeﬂd%ﬁhﬁn@Uu&Jor a
of""the powder, it ca be pre-conpacted outsjde the
centldifdegal | heagra@saRaE LGy nfal sPepetPHotsd Po- to @
S’r‘:ﬁiﬂi\ili%itéhttf Oéﬁ’c@ntg%rortﬁeé%lﬁbﬂéd’ldﬁdeYThe be suitable
e-conpacting can be carried out to suffi.ci :
e%FEhFh?%?l%ﬂ%'sﬁaﬁéd %ﬁﬁyefsmggesdf}g%?eseﬁgfsggkortlng'
hanﬂiIpﬁe-éogpaéﬁedepawﬁbe tion behseEbrwupdora i algapedhdody
pr.e-c act ed pawder j he_f of S ; i, S
A A bl
t ubtee .The handling properties of the powder can in
adﬂhtlon or as an alternative be inproved if the
powder is _bound wusing.a binder, for exanple to form.a.
sHﬁﬁédh%6@§?n§h@r?@eﬁgﬁﬁér‘ﬂ?e?@?aﬁpy &avéd! t he 26dition
ngﬂeisC&mi@gtéh@a@ie§3héeimpreaedemf,tha pawtieculiar bound
uri.ng a. pres e trea with Qieating kS
;xﬂﬁ%éhﬂ%r%&négéfegggl%gggbéfo ﬁge a caﬂpﬁg% %a body. The
binder preferably leaves the powder during the pressure

ream
% Rgessure

treatment, in particular during a pressure treatment

with heating.

It is particularly preferable to produce a composite
tube having a second part-tube arranged in the first
part-tube by a process in which a core is inserted into
a centrifugally cast tube, a clear space which remains
between the inner surface of the centrifugally cast
tube and the core is filled with a powder, the
centrifugally cast tube together with the core and the
powder 1s introduced into a pressure chamber, the
pressure chamber is placed under pressure with
simultaneous heating of the powder, and after the
pressure treatment has concluded, the core is removed
from the composite tube produced in this way. The
introduction of the powder into a clear space which
remains between the inner surface of the centrifugally
cast tube and the core has proven advantageous for

handling, in particular in the case of a vertically
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25 tube having a second part-tube arranged in the

first part-tube by a process in which a core is

inserted into a centrifugally cast tube, a clear

space which remains betweenithe inner surface of the
centrifugally cast tube and the core is filled with a
pepeeghtt heedt raenigalflygaldastcastuteibe Reprrdirgwieh  the

E%%ﬁ.%gr ?CE)%\dIlthIPSOV\Ulq{ Isz‘l%?él s eflot Nt Qe a5 REESEUECiON

pressure ctha pl aced under
pbéSS:l]TEE awte asdhott aheods 1Aaagi r‘r@té]f e RRNRRS , EAnfake -

t th '
1 Wi 1R eSS AT S AERF hadst comsé udedalibedgoliaside
% rem)ved' 35%?r omtheﬁg%rrpom te tube produced in this
\A@yprﬁ%uﬁ%tcﬁ'@él}ﬁ,etl -on of the powder into a clear

space which remains between the inner surface of the

centrjfugal cst tube an th ore \Y
advants %%‘X]f%k? € hhRAI Fn§ (%I nwga icul ar j|'Oiné)t ea%:a:ng £he
ofiraverere i cfil by flid ppofghe ¢entle f pgarrgeeas? tbipe. inner

Denpendi o) h i t
fosﬁ B?mt?%du;%t Imga%%t i EQBQI $ONPe | tnksrpegsibie the

the core and/qr the fill

wictern tuztied Yssder F@SFaR:élbepl a’E}éevvlﬂqmé’O&l&?nt'f‘r‘l?%gghe?fefore
Cg%célf% IbI§ %é&ﬁdﬁl pastdeubsd a/vpﬂesanr ei ol . pirofile
is preferable for a. co rf| h

i e %?nap?fcﬁlﬁ}l?)?ﬁrlg pge%grsf% ucsd %{@% hieﬁl %n Focess
smd& of théle chapmsilt e craloditng beofi nskydeecappens hel!EO the
centri fu&al Ij_y d"{ tube. The conposite tube therefore

r dCeiVes Second part-tube with an internal profile
whi ch can part|cularly preferably be used in a process

L?%%%E%g&%}?rgfﬁh %@igb_}mﬁv@ﬁ hﬂﬂ(ﬁrﬁ)Ca:gthSoinpotshEe tube at
st eam e cor n.he rempv

COMRRRT t éTt UBRT Bt Y eBSATFn Part %bcyhlneqans of %}%@htat}ﬁcal
orpdycamedani Tals pakessses.edEhi starakesedse e‘aéy F@re from
rql_},?éasf% %n%%sﬁ%ree $oN tr%%u%%‘@poévéﬁ tigber P& odleged has in

even i € core has | part been mst aI I urgl cal |
j vared b@ephén%t@ﬁb}wrwaly joined econd part-

tube.

In addition or as an alternative, it is possible for
the powder to be provided, on the side facing the core
or the mould, with a spacer material, for example a
special binder, which prevents metallurgical joining to
the core or the mould during the pressure treatment of
the powder, in particular during the heating. This is-
preferably done by evaporating the spacer material at
the transition from the powder to the core or to the

mould.

To produce a composite tube with the second part-tube
provided on the outer side of the centrifugally cast
tube, according to a preferred embodiment the
centrifugally cast tube is inserted into a mould, a
clear space which remains between the outer surface of
the centrifugally cast tube and the mould is filled
with a powder, the centrifugally <cast  tube is
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tube. In addition or as an alternative, it is possible
for the powder to be provided, on the side facing the
core 25 or the nould, with a spacer material, for
exanpl e a special binder, whigh-prevents netallurgica
joining to the core or the nould during the pressure
tﬁ@@&@@ﬂbgw iﬁﬁbpomdepxebeupartMhdmhennnitmﬁthpressure

ti This is- preferal t
R [ piaptis! BRERLY B90E.keevagonal Ll bencons
tfmeialtarxgoroef athet avier mAand. afr@ezprb}a%cér%S%ﬁ%oEF?@tment

g% Vx; l{bhmfedsec PBhbost HbE cuBEOVdRE i tite owier way
e centrifugally cast _35 tube, rggcordlng Ep is

a%rléﬁger Pedt bRBEi FRRE- ENES 0t FugdAP s PAE ThEY
| Resihed ifHom an®ulghia cl ear space which remains

-between the outer surface of the centrifugally cast

tube and the nould is filled with a powder, the
C@MdlﬁdwﬁﬂﬂylnaShetG@eaKSSPaF5 HetWesducete | FePe gand the

%Sc%ef : EE‘E pregsalr e oxChapher 'tﬁo@iéce%.nd the

er press S|nultaneous heatlng 'h
pmmvetrrlfamldm éiastthé:%s‘"ﬁﬂ @& IR 333'5 shaking.
concl uded, the conposite tube produced in this way 5

using. a first part-tu and second  par [ '
réﬁbvé@PFPEﬁwt nﬁﬁ?gfl 35 e Py tgéggﬁegf(%ﬁgéetube
b@&m&erpdvhiiezf:otﬂmtanlda$ hleeenenntrcb@gadiﬁylnégt at gheagr space

2} tnvpl'II d Shﬂﬁndlo f}ﬁnttrﬂef u@éﬁ%i‘l@@&&liy‘-‘b%a‘é@n H€oe or

rove
csmerl t@gal Iayn@aé;ﬁlet u@@ntmn‘gﬁgﬁbwercat%t tHQg be’v'e“?'te clear

g%f?%f'ﬁgf’f@réﬁﬁﬁr cﬁlgﬁﬁaei ?gtf\/\ﬁ@@ the neubd amis in
u S e t
cenﬁrrtilf IryaJcJa ‘fseﬁa%fé %%%O%Fe%rvegﬁggr andptflght tube

prefeiald yeiod gseeieaf faatpmive end. dhithe mlwtsm%{

all ows handling of a vertically upright tube wthout

t he powder dropping out of the clear space. 20 The
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pressures of at least 450 bar, in particular 1000 bar
or more. During the heating, the powder is particularly
preferably heated to a temperature of at least 450°C,

in particular of 1000°C or more.

The compacting of the powder during the pressure
treatment can be carried out under an inert atmosphere.
This in particular prevents oxidation of the powder
during the production of the second part-tube. It is
particularly preferable for the pressure chamber to be

filled with an inert gas.

Particularly efficient production of composite tubes
according to the invention can Dbe achieved if a
plurality of composite tubes are produced together in

one pressure chamber.

In the case of a composite tube that is to be produced

with helically running internally finned tubes, the
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pressures of at |east 450 bar, in particular 1000 bar

or nore. During the heating, the powder is

particularly preferably heated to a tenperature of at

| east 450C, in particular _ofgl000C or nore. 25 The
conpacting of the powder during the pressure

t heatrnt sqrf&r}bebQ:aCrarHé ek et a tdl ey aprodecing a composite

h
PaREbiErS: alrrRghln R sk g hey SR 2EE T s o

i on-of
pmhettﬂmmp¢$1te SﬁupartwuuﬂarlyeppeteraMQBfQﬁethénOther
p&%ﬁﬁ%ﬁﬁ.%ﬁ?ﬂ% Qe filled with an inert gas.
Particul arl |C|ent production of conposite tubes

according to the invention can be achieved if a 35

plial étynshi&d Watisittree t ghesmal e qzesuerd éHgRyHEbCREbONS

one pressure chanber. . In t case of a t
e PEESE s e Tt Cuht R et s arragl 1 §e T TR hybes Whn pe

Iﬁh@hmwd@/fbmnedhéubase tlog - a6 chmgbochte shapeecansince
DRI ) RIS a8 COEPORLL € £ | Bareicular

Then tw st
cmmsmcm t abe tiha hppespsebet obbné‘% hef tfhcﬁ | éwfﬁﬁrent

dt@bn SeJhRs e&ﬁaomh%r@faltshelééafrm grackhng -efibes
h drocarbons in tube furnaces w th ex aII q
e P BP0 it GVERE by § heS BB b S abhgobFPLeLaRaS tO

Shﬁﬁﬁ apr ebepoedepr opasd | exceadibg seb fnmetrunventlon in

ar.t.i osi tion h t
PR r e PEF ohaerr Su Forin hni o bEaf Ry cedEr  ube
tfaaquatrlttetlbeendopatrhetel@ﬁpé@lst ggpeprodusead by pressure

Dacfxtéagﬂrlé%{é Ve ST £ ARl £ 0 Use a conposite tube
according to the invention in which the first

part-tube is a centrifugally cast tube 15 and the
segndcpapbstube s beesopsodyces byher ésswmneion can in

treatenh 11 9 4 houtely JRe GOMROZh! ButHPE RSAALY! Rbat a

nventlon ca
swirling flow 1is generated in the immediate vicinity of

the fins and is converted into a core =zone with a
predominantly axial flow at increasing radial distance
from the fins. The transition between the outer zone
with the swirling flow and the core zone with the
predominantly axial flow is made gradually, for example

exponentially.

In the use according to the invention, the swirling
flow takes up the detaching turbulence at the fin
flanks, so that the turbulence is not locally recycled
into the fin valleys in the form of a continuous
circular flow. This is associated with an increase in
the mean residence time of 10% to 20%, for example 15%.
This is ensured in particular if the swirling flow in
the region of the fins or the fins themselves run at an
angle of from 20° to 40°, for example up to 32°,
preferably 22.5° to 32.5°, with respect to the tube

axis.
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particul ar be designed and used in such a manner that

a 2.0 swirling flowis generated in the inmediate
vicinity of the fins and is converted into a core zone
with a predom nantly axial filrow at increasing radial
distance fromthe fins. The transition between the

OYter c gON@seW atd‘bév.l‘wlﬁgvi Ebi n:guef I i)mnandibhe thee supply of

W|ththe25 r mnatl axi a .
REfkal 15, © ]Flg %é’%g agi e?ponéﬁt |t Lﬁ? téeﬂéor' which

aQQIHVdngD]I}O cﬁhéfenwentrenn Lhiehec g r¢m@umf—$?é%ﬁ‘¥%ké§tween

" hall'{ he}lg&{lécgl 1 té"rﬁ@u'tﬁgceda&tk t E?dé' N i S30:dhpeikSar &8 for

urbulence is not locally recycled into tg
fiamd/atheyserh &Re O H HMATRbUTVETFTUtAr =R core

flQMe Thiigi &S i8S SRERL QM tdﬂlta:m kN GfeerRER iion J"[rhethealrlsk
residence_tinme of 100i to_20% for exarrpl e ngq: Thi S ¢ ipe

i ©fendFed i 9HTd Tt OFf 'i}%ee BaCrFrRg 91w in
t%megl wbthf tiee fédnslwant héokmasibhersel pesotypiat coke.

agg? e of féogﬁggﬁig é@re Q{ngxéﬁpkﬁeueuhg Rdterial is

pect to the tube
ame;iuf.leﬁ Icm t e am@tac &t dltrli{j3 t dEMPETRWES | GRMPRREation

sypp! ye i thﬁE %ﬁd@“hﬁ&béaﬂﬂ|%1@@d|Whi&£ tghgthens the
interior, which |neV|&abI di ffers over_t

Ci TR eddd et RRBAL LV he 17 gHSsi bIgean%Ic‘fﬂEéln?k to the
si dererntsi &ONPERs atedpbaathrandviche tiemt tilse qarokby section

di ssipated inwards to._the ; . ThL s
asjs%cgg?%d ﬁng?h e Feduct’ o(rzlro%sﬁﬂttﬁlgﬂflls{ <Ljo%)bl\‘éc%f:aerll etl_lylene
overdiadtongopéra hengr seeesigrs Ehet Keasgpe LoRarhiswilen the

three'&f:s J‘F‘i‘fqﬁ%@tﬂr@ eLaB¥E ALY e GOk, \NBI.@BVWLthout
ermal stressing of the tube material is

réd%ﬁée&aéﬁadccbﬁﬁﬂ?e’é?t’tlﬁ% tcé?ﬁﬁrhiatﬁlé’rboﬁﬁgﬁgg‘llpgn to the
beir\i\@&ﬂ:idnghinstﬂ@ atide dankeside, lehideh tbengbkénsat ke the

Sﬁ“v%%f.%% 1 N2LEY - b9 RACERr 8hA0 ddhe of che

]tenperature over 't tube cross section
| st@bso rrade nmore even, resulting |n a better ethylene
15 yield or operating severity. The reason for this is

t he
Furthermore, a laminar flow layer, which is

characteristic of turbulent flows, with a greatly
reduced heat transfer is formed in the case of a smooth
tube and to a greater extent in the case of fin
profiles with an internal circumference which 1is
increased by more than 10%. This laminar flow leads to
the increased formation of pyrolysis coke, likewise
with a poor thermal conductivity. The two layers
together require greater introduction of heat or a
higher burner capacity. This increases the tube metal
temperature (TMT) and correspondingly shortens ‘the

service life.

The swirling flow very considerably reduces the laminar
layer; moreover, it 1is associated with a velocity
vector which is directed towards the tube centre and
reduces the residence time of cracking radicals or

cracking products at the hot tube wall and their
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reversibility of the cracking reaction, which wthout
the radial tenperature conpensation according to the
invention in the tube interior |eads to cracking at

the hot tube wall and recomhignation in the centre of
the 20 tube. Furthernore, a |amnar flow |ayer, which

| $he@lld=act£id Stheaditiar hnewrtrsfilbowsintw thyecfyeas | goke.

;ﬁgﬁf%ggggaégg a fertekn%er%rt@% ' &lfk‘@réﬂéés OfpAween £fin

reater ext ent |n,t e case Of
fivallpnef i4md Wink, anvhmrerwa¢ BPEcUmaEidetan e 18 the

| noreased g)égg?ﬁgltl arbr%%%?le@' @u}b@én gaenf lowH eﬂ;dﬁst oare

t he 1 ncrea ornmafi on of coke, |ikew
wiadrrengeered h%@ﬁaPchHtﬁJcW #( Tﬁé"m&“i éjre S %oto the
t%ﬁié}ﬁtfldrﬁqumies gixe@fﬁseﬁlttlmdutimenmteheaﬂ between the

|ghel: bur ner ca§3a0| (s |n%_r eases.Lhe to#%%ah%to?ll N

correspon i ngly shorte
sarmm]l i fes 18&ndhe tswier | 9 hgtheoWw s nebrRT adrabs y which

r(:i‘,t%hl.{,ces al e AM&%ectl aYySke N €ONBrovhkl iin a@ﬁéméﬁs@éj of

aveIOC|t or which is d|rectedt vvards%
tm@@meth  BHoEedethevt gy aBhEENE bR - THiS

t 5 lrt?]l][ aLlSn;ertéE{taﬁlﬁd’&&st)du\OItmoait tlttelehoisw1r11ng

u e wa t heir chem c and _ca

c O sF‘SﬁoFﬁllﬁ‘gpyt?%l 3& Fs tOKE™Tn &d %’ygln%oﬁlmderable

t e;rwe&tamﬁ:eh tfigrereesehetapeht | rbewelney§handf¥f|1 nPeaks
0 Ahl he case of

|naferngf y%%of#ﬁégﬁs va?lt g|gh fins, are 5

conpensated for by the swirling flow accordi ng to the
'f!ﬁ&?néﬁ@nuséhaécbﬁﬁiﬁgseé the thwenkabervak hetweerferable

the need to carr oke vaI 0 t
m’frﬁlf‘raﬁ'—h‘?eQ?HéHES¥?$ Enoctl%éf & aetk “hg? prgg%(gtlsgwhthe fin
hav€l Betentensy dregoke tlsan ngpr oviesl fin tpealease of 10

cracki ng tubes provided with internal fins. This is

particul arly inportant because without the swirli n%
f I'Bve abéapaRRg RESIHE GhyERL F6A -a InotG S| BecQParison

of the swirling or peripheral velocities in a finned
tube according to the invention (profile 3) with 8 fins
and a fin pitch of 30° and two comparison tubes
(profiles 4 and 6), each with a fin pitch of 16° and 3
or 8 fins, respectively, over the tube cross section.
The curves clearly demonstrate the significantly higher
circumferential velocity in the edge =zone of the
composite tube according to the invention of at most
approximately 2.75 or 3 m/s compared to the maximum
velocity of only approximately 1.5 m/s in the edge

zones of the two comparison tubes.

The diagram presented in Fig. 2 shows the distribution
of the circumferential velocity over the tube radius
for the profile 3 of a composite tube according to the
invention. The two - coinciding - upper curves were
each measured on a radius which ran through a f£fin
valley on the 1light side and on the dark side,

respectively, while the two lower curves were each
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tenperature difference results between the fin peaks

and the base of the fin valleys. 15 In the use

according to the invention, it is preferable for the
peri pheral velocity of the-gas tlowin the fin

vall eys to be greater than at the fin peaks. 20 The
dm@g@a&eareaEﬁhgd tie Firgdil i moliodesran cdiparigonthef fin

Lhe S Ehl ekl o RN8lAlakelagchd esiel N A cLeBiddely .

the invention (profile 3) wt
flns and a f|n pitch of 30 and two conpari son tubes

gt g,f i1 es ;41304 Bk es cORRW te st f'tab@'st chrefluth randtBeir
2 fins, respectively, over tube r 0ss .
sé@ﬁﬁon 11T eCERF Y es SEFEAPRY déﬁﬁ Etetéh? protile 3

Sip@RichiaGart [n6 htigheinvehedont emert idlagelnori ¢gch ninfigcate
y

ed zone of th t

B TP G oS TOL AR r S arel S JHB, K3dgle on che
c@mpawedlﬂe t&med mepdierurhighitvekodety bf gmgarison of the
RN r% R elﬁ' \;eélgi SthB thewrdge taphesavlird heqi Weerence

conp son tu The di agram presented i.n g..2
sﬁ@W§QQﬂ3%W%QrWB&9HﬁPd uPﬁeQﬁWQﬁﬁﬁ%?%nFEﬁ lower tube

V%éﬂéﬂ)/ééﬁﬁeﬁi&hﬁ@beéﬁadtue 3askor dfhe yhof i peoBide 3
a conp03|te tuggg$ccor ing to the invention. The two -
cGFETEY © re each neasured on a

radi us which ran through afin valley on the |ight

SIT%e and, opy tt{i df\ingI g§odu[:@ape%tlit\ﬁel Yohathi b€t hgr  the

S owel CUrves Were measured al ong the
ra«cmmpmtcﬁq tube t AFBAGAIREe O FheeHKE N TheSPFRES that

Sitdfe ant, dardke shdeinr esReGtine ywalIFi gemSetddusd rates the

three test tubes, includi their ata cr

séEFFBW‘QQﬁH%Hlﬁﬁ the ﬁngVIé'f' SN Ihg&tlo ?ﬁéht side
i ra\tﬁittttm adbe diidgr,anss ehedsi htlboatle ° Q. heeteampehavghe the
Profidd fé’sswflgght ube r&fﬁé&nﬁ&l@%r%&&l dg gadallel

the S|de conpari son of di agrans reveal s
th@vtsowepft eRpeTEreur & UINPEET ewé% tt?actét%é?ﬁ t3peShalq Y

antnidibg icantdsandiithe tiwesidube side wall burners only
on opposite sides and the tubes therefore each have a
light side, facing the burners, and a dark side, which
is offset through 90° with respect thereto. The mean
tube metal temperature, i.e. the difference in the tube
metal temperature on the light and the dark side, leads
to internal stresses and therefore determines the
service 1ife of the tubes. Therefore, the reduction in -
the mean tube metal temperature of a composite tube
according to the invention with eight fins with a pitch
of 30°, a tube internal diameter of 38.8 mm and tube
external diameter of 50.8 mm, i.e. a difference in
height between fin valleys and fin peaks of 2 mm, of
11° compared to a smooth tube of the same diameter,
based on a mean service life of 5 years, which can be
seen from the diagram presented in Fig. 4, results, at
an operating temperature of 1050°C, in a calculated

increase in service life to approximately 8 years.
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metal tenperature in the case of the profile 3

according to the invention. The swirling fl ow produced
with the use of the 15 conposite tube according to

the invention ensures that . phe-fluctuation in the

i nner-wall tenperature over the «circunference of the
tlm@, t|e e riefiree i itdter idughtors ke wesend thee Ubghkt seiée and

AL TN T

t ttoe Hmrfmmedane et eifi agranct sdown By Fashbibst | Bie lower

9% é@ﬁ%@x&hel@ngOfof' éwuﬂe RSO rv@N for the
0p0|te S| des an t he tubes

therefore each hay. %.
| Pyifidieded samPaFeEhEohuifer oAy §U8Sr %Pfogel S} bhand
I $ref f 88hst REQHBNYIOnM - EweEES pﬁﬁic&diwﬂ‘ﬁtro rEhgyeredor25the
t ube metal t enper at ur e,

iffer e [
EBe et fure ararbaads fE TR S farqeEve are
sinde,ide@dds. to internal stresses and t her efore
determ nes the service |life of the tubes. Therefore,
the reduction in the nean tube netal tenperature of a .
cénpoertaculbslso expefieny tIEURRT ATt 09F Wipt1on 1S

aéyyaﬂmﬂghéﬂtﬂf2%HHtiﬁbtﬂﬁrﬁﬁ%r&htﬂ@eciﬁ&EéQain the core
di aneter of 38.8 nmm and tube ﬁje]fer na anet e

SO amemARd 5oL oy T GHIE L AEC KET Gt bEPEnERTPPRIte tube
varigysranthe iswipgakomef. 2 m of 11 conpared to a
snmoot h tube of the sane dianeter, 35 based on a nean
service life of 5 years, which can be seen fromthe
diragream prestrreddistmiut on rekurhs, tarrerAtvpRr eV fRg the

temperat upe9bn10506,1 ¢ 8 ijabﬁHEQE@darlnﬁfeaﬁﬁalﬁw1rllng
service life to ap Eroxr nmat el

tefr?ﬁératlﬁlf:éeérsﬁsrl it i orf bé"tc%//veéﬁ f“2§ IPﬁﬁt f%?fd’ée afd tupe
t herdank shde ifforit heotbiree T oftbl & shHwrhien cFlsepr 3cross

I%ectllﬁafégf 10¢ gef bagrad sbewn, i BFiGe Sgadh@ixture

| owe gnperature eve of the tenperature curve for
trt@&rmoﬂrdfeﬂ@d:dmi@r-ed to the snmooth tube (profile
0) and the considerably narrower fluctuation range

for the rofile 3 curve conpared to
C@ﬁgg1apgp use of the comg851te tugguaagggghkggl to the

invention, with a view to achieving a high ethylene
yield with a relatively short tube Ilength, the
temperature homogeneity factor over the cross section
and the temperature homogeneity factor referenced on
the hydraulic diameter should be over 1 in relation to
the homogeneity factors of a smooth tube. 1In this
context, the homogeneity factors are defined as

follows:
Hip:Hig = AT0>dx/ATx/do

The composite tube according to the invention can be

used particularly successfully in all high-temperature

processes, such as those in which the tube, in
particular on the outer side, 1is exposed to high
temperatures of, for example, 800 to 1000°C. In

particular, the composite tube according to the



10

noticeable. 10 A particularly expedient tenperature

distributionis established if the isotherns run in

circles in the core zone and follow the inner profile

of the conposite tube only pmn the swirl zone. 15 A

nore uni formdistribution of the tenperature over the

CHO%Sn$eCk O@aﬁe&usl t askfl patt ithel aproduthieoswiafl | agloured

f|OMIIn r eases 38

| Engrang o 3o etvn, b0E0R D BoREp, [Rge Hlardlf for cthe

Sedﬁb@lﬂitl@aﬂ @l atelds faones hBremt eofcheie Gids HRERFEY ©OF
ta(}mta%%u Qb IlI edlﬁd&éecrwt hot hej ysergetutbe epapasrheion
e according to the invention, with a viewto

a@ﬂ@@@ﬁng a high ethylene yield with a relatively

short tube length, the 25 tenperature honogeneity

f act h t h
nasgend: (y PACEGRL ot Pencal B LK RUAParEET of the

dicangicari tehotiide bea ovaard ing ntpeltalwonnt\f@nttl@@ It has a
hw:%%n%a%%ef M $o Oéné ?”%%%ntdu%rtl—rtdﬂﬁ S20 w1th fins

cont ext onobgenei t actors are defined as
f GI0l owksi:CHHR SRR en ?l@')@kﬂop%%sEBﬁ'p%?f‘Em?ﬁBefrom a
Mg to the invention can be 35 used
particularly successfully in all high-tenperature
processes, such as those in which the tube, in
particular on the outer side, is exposed to high
tenperatures of, for exanple, 800 to 1000C. In
particul ar, the conposite tube according to the 21
i nvention can be used in the production of col oured
pignments, in rotary tubular kilns, for exanple for the
conbusti on of substances fromthe chem cal industry or
pharmaceutical industry, or in refuse incineration 5
plants. Fig. 6 illustrates an exenplary enbodi nent of
the conposite tube according to the invention. It has
a
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first part-tube 10 and a second part-tube 20 with fins
10 30 which has been produced by pressure treatnent
froma powder. 22 - Patent Clains: 1. Conposite tube
having a first part-tube (10p2and a second part-tube
(20), in which 5 - one part-tube is arranged in the
other part-tube, - theatenst Cpaimstube (10) is a
centrifugally cast tube, and - the second part-tube
(20) has been produced by 10 pressure treat men?l from
a lpowd€ompRs iCenprodiet dAURE & doref hgPas- THin 10/ and a
char acterized pairt thafe tB®)f,i rst wedrchr tube (10) is
nmetallurgicall'y joined to the other %art-tybe &% other
(20). 3. CHfposPrECEHBRSaccdt di A§TEEIE ai Mt or ',

char act er ipggd -igudehat the second part-tube (20) has a
profile. 4. _.Conposite, t ac ing.tq o - all
Clains 1 tg‘e’s, flE%gr a%?gtf'i gggei nf:?@gt rht%he%seggﬁgglfug Y
part-tube a2} tue.ammghged in the first part-tube

(10). 25 {4, Commasid ephberasgordiong Hae Bedin Sroduded by
characterized 1n that the second part-tube (20) has

at | east GFETTHES THCFITEABHECE.2 @cﬂ’(‘ﬁ?geﬁ'te t ube
according to Caimb5, characterized 30 in that the
internal fin.runs helically,. ite tu ;
accor diqTfRS 1G%i oal"c%o,ydlc%%r%?g?%édli’ ngﬁﬁgﬁcttﬁglzéd
flank amgl e ohathe filme s ffirehm 16 parpotuls g (10) 1s
Conposi { rdj ng; e G RENMBoEHE® 7part-tube
char act:%%?zlggﬁ:lgﬁ tqéq}tﬁjeég?%]h gélgl e of the fi np

3. Composite tube according to Claim 1 or 2,
characterized in that the second part-tube (20)

has a profile.

4. Composite tube according to one of Claims 1 to 3,
characterized in that the second part-tube (20) is

arranged in the first part-tube (10).

5. Composite tube according - to Claim 3 or 4,
characterized in that the second part-tube (20)

has at least one internal fin (30).

6. Composite tube according to Claim 5, characterized

in that the internal fin runs helically.

7. Composite tube according to claim 5 or 6,
characterized in that the flank angle of the fin

is from 16 to 20°.

8. Composite tube according to one of Claims 5 to 7,
characterized in that the pitch angle of the fin

ig from 20° to 40°.
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is from20 to 40. 23 9. Conposite tube according to
one of Claims 5 to 8 characterized in that a
plurality of fins and the fin valleys |ocated between
the fins are designed to be2sirror-symetrical in

cross section. 5 10. Conposite tube according to one

ofo .0 aicempbstiae9, tusha@uetizedt® nophatt K& #ins peaks 8.

and the f'rréct\é@" IZ@éstlﬁ{ @h# ugabllhxaqfltg,l RS iNieacnd the

case adj 0i N~ one “ano Conposite tube
accor difng tvr oy of 1CFared QeFUeﬂ} thehdrind e‘??‘%eae?ﬁgned

that the fjongi30d L Redet rMalaies @losa pledtaldnt.y of
fins have the sane radius of curvature. 15 12.

Conposite tube according to one of Clainms 5 to 11,

%EL@Y acwﬂp&d.déy taz}:te;tatc@fdm; to twmentf fGlesimsl3? to 9,
nposi te e _acc I ng 0 f a| t 2, 0
char actc(tg\'al %erﬁ‘zteh llilhg%%étt Ptgh%f t nléssurgnélcethg Fin
ar ea wvtalillre}{me)fpra)fplter%lfw@l’ opk f:JrIF-%I ént gafRecagpegrioin

Cross %S.L%t |a%tq{ert he profile is in a range fromless
than 0.06 to 0.1. 25 14. Conposite tube according to
one of C ains 5to 13, <characterized in that the

ratil o Qforrtﬁ&lwtdm Saccthrd:h‘Eg heatothe ansf @taims 5 to 10,

coefficients th u e f e e r

| osses Wﬁﬁgwﬁ%% &?ag ?%éétﬂngf ?%ﬁ] EHE Zah %alleys
wher e R:ﬁeaot;emlaalaoz}conﬁosﬁltr@tbb@evmtthﬁflsﬁﬁlean?éﬁ@lus of
denot es, tube. 15. Conposite tube according

to oneo alrr55to 14, characterized in that the
hydraulic dianeter 35 corresponds to the internal

tube, diemicyitf Bubs pasadi gy st®odhet obeclaims 5 to 11,

characterized by a total of six to twenty fins.

13. Composite tube according to one of Claims 5 to 12,
characterized in that the ratio of the fin surface
area within the profile envelope circle to the
clear cross section of the profile is in a range

from less than 0.06 to 0.1.

14. Composite tube according to one of Claims 5 to 13,
characterized in that the ratio of the quotients
of the heat transfer coefficients Qr/Qy to the
guotient of the pressure losses APr/AP, 1in the
water test is from 1.4 to 1.5, where R denotes a
composite tube with fins and 0 denotes a smooth

tube.

15. Composite tube according to one of Claims 5 to 14,
characterized in that the hydraulic diameter
corresponds to the internal tube diameter of a

comparable smooth tube.
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24 16. Conposite tube according to one of Clains 1 to
15, characterized in that the first part-tube (10)
consists of a material with the anal ysis El ement % by
weight CO0.1to 0.5 C 20 te 50 N 20to 80 Nbo O

to 2 S 0to3 WOto5 Ohers O0to 1 Fe Remai nder

516N pabipesliae elibenacoridiagDith Eel G027 Rakes 11 to 15,

DL 1 QBN 20y FONE SR gm0

GK45N|CDSSSStZSOfGK4®Nﬁ@KWBﬂ39129-4heGR?9NV€Fﬁb32 20,
10 GX50CrN Si 30-30, G N Cr28W G N Cr CoW

GX45Ni GrSrNp45=35;GXI3N Cr'Nb45- 35, T GXI3N Cr Nb37- 25,
GX55Ni ( £30-04. 17 Conposite t&bBY a¥Es¥8Eng te
one of |[dainms 1 to 16, 15 charactefozedconothbhat the
second [part-tube 1S nade fromthe 2 Egrlal as

the fin$& part-tube and/or froma u.u”.u,

interngetal lic or ODS material. 20 {180 Ppogess for
produ0|@§)a conposite tube accordingO E8 9ne of C ai|ns

1 to 1{—characterizedi+nthat—a—ppwder—+s—brought

into comhact with the inner or outgP sarBace of a
centriflygally cast tube, and the ppydep ks conpacted
by pressure—treatrent—to-—25—Fformthe second part=tuhe
and j oi{adhetns the  centrifugally casP £8bé. 19
Procescjﬂgcordlng to Caim18, charagterizgd+in that
t he powder—isheated: :

in particular of one of the DIN EN 10027 Part 1

materials GX40CrNisSi25-20, GX40NiCrSiNb35-25,
GX45NiCrSiNbTi35-25, GX35CrNiSiNb24-24,
GX45NiCrSi3s5-25, GX43NiCrWSi35-25-4, GX10NiCrNb32-20,
GX50CrNisSi30-30, G-NiCr28W, G-NiCrCoW,
GX45NiCrSiNb45-35, GX13NiCrNb45-35, GX13NiCrNb37-25,

GX55NiCrWZr33-30-04.

17. Composite tube according to one of Claims 1 to 16,
characterized in that the second part-tube is made

from the same material as the first part-tube

and/or from a ceramic, intermetallic oxr ODS
material.
18. Process for producing a composite tube according

to one of Claims 1 to 17, characterized in that a
powder is brought into contact with the inner or
outer surface of a centrifugally cast tube, and
the powder is compacted by pressure treatment to
form the second part-tube and Jjoined to the

centrifugally cast tube.

19. Process according to Claim 18, characterized- in

that the powder is heated.
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30 - 25 20. Process according to Claim18 or 19,
characterized in that the powder is pre-conpacted
prior to the pressure treatnment. 5 21. Process
according to Caim 20, charagterized in that the
powder is pre-conpacted by neans of shaking. 22.

PE@QGS?er%%“e%gsdié%g:dh@iﬁfge o Elaims1d%t012], chdPacterized
characterized in that - a core_is inser [

cent ri fllgattyr chBE RAUBE™ +° cpggfcgrﬁggégg igqr%qrogna%%sthe
bet weempridsasurenerreasuefrdce of the centrifugal |y cast

tube and the 15 core is filled with a powder, - the
centrifugally cast tube is placed under pressure w tJ1 .
si2iul t DTS sheatFAGIBNIt H® [FORdEY , 20 affdradferized in

preSSUE%akfe%%@ﬁnbd@@%rcoﬁ%|U%@@rcbh@acz@dCObQ | dleans of
renmoved fromthe conposite tube produced in this way.

23. Pr&d@dscording to Claim22, characterized in
that a core with a fin profile that is the inverse 25

of ,La fi rofile t oduced_gn the insigde qofg the o1
c&?‘ﬁosiE{}reOD e ?’lgclgr@gp edg#ntgntgheépcealtr%lifugal Iy '
cast tubaragterfrzssess &d¥drding to aim22 or 23,

characterigzedord0 id thatrthe coitn i s resmyvettdgomy heast
conposite tube at least in part by neans of etching.

25. ProceddRfccor di ng to one of Cains 19 to 21,

char acterizedlésrt bathcds whixlcenenbfingalderwegst the inner

5 bR e oo AT SRR e ana e
centrifugaldne ciestf tlissl atid-ht lse powder,

- the centrifugally cast tube is placed under
pressure with simultaneous heating of the
powder,

- after the pressure treatment has concluded, the
core 1s removed from the composite tube

produced in this way.

23. Process according to Claim 22, characterized in
that a core with a fin profile that is the inverse
of a fin profile to be produced on the inside of
the composite tube is inserted into the

centrifugally cast tube.

24. Process according to Claim 22 or 23, characterized
in that the core is removed from the composite

tube at least in part by means of etching.

25. Process according to one of Claims 19 to 21,
characterized in that
- a centrifugally cast tube is inserted into a
mould,
- a clear space which remains between the outer
surface of the centrifugally cast tube and the

mould is filled with a powder,
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mould is filled wwth a powder, 26 - the centrifugally
cast tube is placed under pressure with sinultaneous
heati ng of the powder, - after the pressure treatnent
has concluded, the 5 conpespte-tube produced in this

way is renoved fromthe nould. 26. Process according

to one-of tBkai GBn22ifagdbly ctasactwrieeds npilhgedt hender

cl ear space is_closed. onggrd tde the
tube. 27.PPFEEEES acvg:lo%i né%‘gigégéﬁsd aims 18 to 26,

charact er ppedieim that a pressure of at |east 450 bar

IS gener afa%@egortﬁéﬂepﬁsesaﬁtg & tdLateMNthad Se@Bcluded, the
Process according to agne of C ai

.19 ta 27 .
char act er CEE®WOSH attuk?%ep’ﬁ%%%‘?gfénhé%’tléd Way gts removed
t enper at urrg-caf tale h@AgId.450C. 20 29. Process according
to one of Clains 19 to 28, characterized in that the
powder is heated under an inert atnosphere. 30.
Preces Pracessdi agecbodong ofod ahes AB t@adgs 2@ to 25,

Characg%%ké%%éflﬂéﬁﬂiﬁrEhégeﬁﬁé”@ﬂééﬁaé ¥t i8S closed at
carri e out 1 n an 1 nert atnDSphere. 31. I OCess

accor diafg tegsenensf e0caidts ¢ 7050, characterized in
that a plurality of tubes are 30 produced in one
pressure chanber. 32...Process according.t.0 one

CI2di s PROES 531 2°COREr 88t er Pzed T n ?%a?c]tahlen%e}ndg of % 2%
conposidraratherdech axi althatparal pelessivgs peddueéd least
using g fJ ot 3% Rt g arsecond Rald b ik .

tw sted™w respect to one another. 33. Use of a
conposite tube for the thermal cracking of

hydy oca s d n ke fiesenee obnsteam @laims 19 to 27,
characterized in that the powder is heated to a

temperature of at least 450°C.

29. Process according to one of Claims 19 to 28,
characterized in that the powder is heated under

an inert atmosphere.

30. Process according to one of Claims 18 to 29,
characterized in that the pressure treatment 1is

carried out in an inert atmosphere.

31. Process according to one of Claims 20 to 30,
characterized in that a plurality of tubes are

produced in one pressure chamber.

32. Process according to one of Claims 18 to 31,
characterized in that the ends of a composite tube
with axially parallel fins produced using a first
part-tube and a second part-tube are twisted with

respect to one another.

33. Use of a composite tube for the thermal cracking

of hydrocarbons in the presence of steam.
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34. Use of a conposite tube according to one of Cains

1 to 17 for the thermal cracking of hydrocarbons in

the presence of steam 5 35. Use of a conposite tube
according to one of Clainms- 27te 17 for the thernal

cracki ng of hydrocarbons in the presence of steam in
whisch the Qﬂfar@ecompo@wee tebpasseordimough exeephallpims

heat ed ,t ubes. Phgﬁmicghekﬁgﬁny¥aégfﬁ§ of hydrocarbons

char acter %ea7 Oaswrlin OW is gener at ed

i n theinmpbdi gresenics Mift pteRm he f| ns and is

converted into a core zone with a predom nantly axi al
flow at increasing radial distance fromthe fi %ﬁ .
365 UsIH G G IPIRPT U i85S RHAPERLRY| BBdOTR PRabiins
t he swiirlé®gif/l cw:t akies tpetrheldetmchiing ¢fir byldewcarbons

at the fin_flanks. 37. Usea i ng;fo r
36, charact8fi ZBRECFR S0 Cﬁwafs t agn Ci r%:lu e?%lgntl &' charge
vel oci mixafurtehei gapabbew tihrodied fertsznadelps h@atEd tubes

greater, Hﬁgnh %%égf %?Eerﬂgﬁk%lﬁgg LS ROCOF T 1Y iﬁ that

one of c aracterlzed in_that. th %
SWirli r@g fswewlaﬁlgt h&1owi nasr BRNSF2ER angt e ¥ 24T iate

?Ob pr%ﬁﬁﬁﬁgg&tif Qﬂe5f%ﬁs3%da ﬂMt&meExEEﬂ totdhe core
ube axi s e accordin one 3

38, 3¢ THarkctierd R %mfﬂ%?t?%eaﬁuct ua?%"g%tl ﬁ'n:c%eaSlng
i nner - waldialenpertatnoe fower thre Gincunf erence of the
tube is less than 12C. 40. Use according to one of

Clainse 35 to 39, 35 characterized in that the
i St herae | ACEREAEBFe tOz dREA B e 36i r (IBRCPEL13%% in that

?EC?V ?'htr}ga t |0 s‘m%qun ﬁEII5W35 £ 8k 48, @;_har agteer i zedadhing
a e velocit t he in fl ow i ncreases
by 1.8 ‘i‘bﬂ%}]{?r}ﬁ% Ferthfe té{—:‘n o‘lflefrg(bse | engt h.

37. Use according to Claim 35 or 36, characterized in
that the circumferential velocity of the gas flow
in the fin valleys is greater than at the fin

peaks.

38. Use according to one of Claims 35 to 37,
characterized in that the swirling flow at the
fins runs at an angle of 20° to 40°, preferably of

22.5 to 32.5°, with respect to the tube axis.

39. Use according to one of Claims 35 to 38,
characterized in that the fluctuation in the
inner-wall temperature over the circumference of

the tube is less than 12°C.

40. Use according to one of Claims 35 to 39,
characterized in that the isotherms in the core

zone are circular.

41. Use according to one of Claims 35 to 40,

characterized in that the velocity of the swirling
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42. Use according to one of Clains 35 to 41, 5
characterized in that the velocity of the swirling

flow covers 7%to 80 of the clear cross section per
meter of tube |ength. 43. Usggaccording to one of

Cainms 35 to 42, 10 characterized in that the

t enper @qgwelh@@g@s%i ty 1If.acttr DdDWemiheper osst secef opube
and thg er ature honogeneity factor referenced on

t he hydF&H diameter is over 1 in relation to the
hormgenelty factors of a snooth tube. 15 44. Use of a

ng‘pOSIUtsg t URE. AGH( ng' ngotoere ff G aifdnsl BG 17tcbn 41,
hi hterrperaturea ications, in articular jn

r ot arycbaﬁalcélerl%lzle@ G0 03 UDE YT Tierat P ontF aﬁi"lrllng

flow covers 7% to 8% of the clear cross section

per meter of tube length.

43. Use according to one of Claims 35 to 42,
characterized in that the temperature homogeneity
factor over the cross section and the temperature
homogeneity factor referenced on the hydraulic
diameter is over 1 in relation to the homogeneity

factors of a smooth tube.

44. Use of a composite tube according to one of Claims
1 to 17 in high-temperature applications, in
particular in a rotary tubular kiln or a refuse

incineration plant.



