- 1 "Conposite tube, nmethod of production for a conposite tube, and use of
a conposite tube" The invention relates to a conposite tube, to a process 5
for producing a conposite tube and to uses of a conposite tube. Tube
furnaces in which a hydrocarbon/ steam m xture is passed through a series
of individual or neanderlng 10 tubes (cracklng tube coils) at tenperatures
of above 750C,| -I-steel wth a
hi gh resi stance—te —eatd i g esi st ance
to carburization have pubaenasﬁluableff@rcbmpohlgé teh@érature pyrol ysis of
15 hydrocarbons (crude oil derivatives) . The tube coils conprise, for
exanpl e, vertically running, straight tube sections which are connected to
one anot her Vha iuvehipeds teBatieends; at eypmsd tgsuaily, Heatzdowpedsshe ai d
of side- W@"f@yrnﬁiédﬁﬂﬁnb” §0”Eoﬁ§§§§t@|SQuMétha§Q ths ajdeof ppttom
burners and therefore have what is known as a light side, facing the
burners, and°®BEPSiES kRB&m as a dark side, which is offset by 90 with
respect thereto, i.e. runs in the direction of the rows of tubes. The nean
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whi ch concea | uence of the system pressure a e residence tine
in the tube f%ygtéﬁﬁ@ﬁ e e%hw‘éherwéﬁaaWHet@p@radmlﬁ’gl?swémtlya‘if%

proven suitable for the high-temperature pyrolysis of

15 hydrocarbons (crude oil derivatives). The tube coils
comprise, for example, vwvertically running, straight
tube sections which are connected to one another via
U-shaped tube bends; they are usually heated with the
aid of side-wall burners and in some cases also with

20 the aid of bottom burners and therefore have what is
known as a light side, facing the burners, and what is
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

25 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
30 rate. A crucial factor for the coking rate, i.e. the
growth of a layer of carbon deposits (pyrelysis 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 1is known as the
35 operating severity, which conceals the influence of the
system pressure and the residence time in the tube
system on the ethylene vyield. 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



set on the basis of the nean outlet tenperature of the cracking gases (e.g.
850C). The higher the gas - 2 tenperature in the vicinity of the tube inner

wal | above this tenperature, the nore extensive the gromh of the |ayer of
pyrol ysis coke becones, and the insulating action of this layer allows the
tube netal 5 tenperature to increase stifll further. Al though the

chrom um nic -steel _allaoys nt ai ni. . 4% of _.carbon, over_ 25%
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defects in the oxide layer, wheré it | eads to considerable carburization,
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and for the pyrolysis  "coke bur the aid or a steariait  m xture.
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process. British patent 969 7 as discl osed e use o cracki ng tubes
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surface areaoxhii€h i $aegpod paereent itf or 1@xarpl e 0% ddRderawid a
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with the dr awWbee%r bfa5le0ns el §AT | ﬁ@P@ﬁEe&%r‘é@é&?’é coEs eidFpfled to a
snmooth tube,fosm 1% to 3% at wall depths of 0.5 to 3 mm. This is

15 assoclated with considerable embrittlement of the tube
material, with the risk of crack formaticon in the event
of fluctuating thermal loads, in particular when the

furnace is being started up and shut down.

20 To break down the carbon deposits (coking) on the tube
inner wall, 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 wup to

25 36 hours, and therefore has a considerakble 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
30 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
35 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 1s that known tube

materials with high carbon and chromium contents can no



35 account of friction at the enlarged tube inner surface. The higher
pressure |l oss requires a higher system pressure and therefore has an
adverse effect on the vyield. An additional factor is that known tube
materials wi th high carbon and chrom um,contents can no - 3 |onger be
profiled by col d-working, for exanple ol d- pressi ng. They have the drawback

that their biLit ]q%-r es..gre i ot enqgt t he
resi stance t%ﬁ{:% urlt}l;at %@on and oxi ggti ?ﬁjlﬁngﬁje%;&&% Tﬁ{:g h%s’gl@g%to t he
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centrifugally cast tubes. 10 In centrifugal casting, the nolten alloy is
cast into t e’?ﬁﬁb’?t%fj‘f%bE?aFaEQBFFﬁ@tgﬁﬁl anahf’égrd?&tl&%smﬁreaﬁ?ch a high
vel oci t y5t hathitshehasl tlerl atboyhicortimsgla thibgemeifal | gamdeaktayesn dre i nner
si de of thefcastin moul d. After has solidified ation of

-allo he r.
15 the casti nogr nSﬂ{gﬁlpilg’st%%pé: a?‘nggﬁhg’tu 3 iéﬁeha%esblé%}ﬁi? OI‘wﬁgz inthis
way can be ejemtmt. tPhethebectbylemé | IWdloyt ocegnirtimgl ehbeh use orcder to
have t he reccg}igﬁ | ger ama[? . Any oxide inpurities will always be
i ghter than the gﬁ“Igg%/ ﬁ?%% t egs:'efore 20 "float" on the inside of the
tube, with the result that they are rempoved by the drilling. However, since
centrifuygal Iph casttEubg§acara@iliigoe tHy odycednwiatin ogy!liHdeksal wald s, a
special cutting or 25 electrolyticall %rrat erial-remyving nmachinin
operation i e§lfre&Af 8 pﬁ’%ﬁﬁ%‘ aRraPhEePndMPYLF i WReF uB‘é’FaE%?o&g'an pat ent
EP 0 980 72%h daschides ddliscitwpetdht etieet mldre gachivni Agroé a
centrifugall

y cast tube. .30 r this purpose, the. tub ank i s .introduced
into a hol cfiahygerde?/}r cgl%f‘ghaﬁgogeé’lne e \A%:ﬁ/d%rSEng &t caistscsm&pen ends.
The seal i ng menihd .al ADwsr ahhel edtliogl Ytaes solidified, the rotation of

15 the casting mould is stopped and the tube which has

been formed in this way can be ejected. The tube is

drilled out over its 1length in order to have the

required internal diameter. Any oxide impurities will

always be lighter than the alloy and will therefore

20 “float” on the inside of the tube, with the result that
they are removed by the drilling.

However, since centrifugally cast tubes can only be
produced with c¢ylindrical walls, a special cutting or

25 electrolytically material-removing machining operation
is required to produce an internally finned tube.

European patent EP 0 980 722 Bl describes this type of
electrolytic machining of a centrifugally cast tube.
30 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
35 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



to flowin and out and an el ectrode bar, which has an electrode attached to
its end, to pass through; the 35 el ectrode can be noved by neans of the

el ectrode 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 vaIIeys The naterial of tﬁe4|nner side of the tube is -

electrolytlc | ] ve a_v Ita difference bein lie betmeen t he
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profile of the geonetric shape of the outer surface of e el ectrode.
However, t LT ok sthRS pﬁHV%hV%%nﬁlé%ﬁﬁ?qﬁu?%ﬁ%ﬁﬁtlQ@ 'PhECSHr Gduct i on of

conposite tubes Bydcest rtﬁ@gflemﬁdeﬁgb?jlmtm hxlerllper twatwgeeh@r adeed i R
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for t_he beq;k}]lt u%erd%sﬁsre%gﬂfg&%{y%ee@ﬁﬂle%a%o Cc?asfjbﬂgoué:' rst of all, the

mat eri al 'S poure e nolten state |nto t he
casting mould, which rotates at a high speed, so that the nolten alloy

forms 29pa layer Ofohhguignal bey Qe imsi deuls t N, castdig 1 smuhd.
Shortly before tﬂg % uoy onpletely égﬁid fies oﬁ |nned|a€EI§'after

conpl et e sol Gttt i dfﬁltfﬁ hetherol PRACaFIBGSWhPERIEGPAE fRe iSTRETatEbe is
li kewi se poHRbidiHp dteps Oé@albelﬁ@smeaglmg@ﬂcam t hatinkhe t25 gxel t en
socend o160 (8 & LoVt ol LS8 BoallpYomo B e ol e a1y
regi on betweenuetit Bentiulferand dainered uber anthtdhesebyngr edlicdsa The
15 compesite tube used as the starting product for the
bent tube is produced by centrifugal casting. First of
all, the material which forms the outer tube is poured
in the molten state intoc the casting mould, which
rotates at a high speed, so that the molten alloy forms
20 a layer of liquid alloy on the inside of the casting
mould. Shortly before the alloy completely solidifies
or immediately after complete solidification, the
molten alloy which forms the inner tube 1s likewise
poured into the rotating casting mould, so that the
25 molten second alloy forms a layer of ligquid alloy on
the inside of the virtually solidified first alloy. The
twe materials are mixed 1n the transition region
between outer tube and inner tube and thereby produce a
metallurgical Jjcein between the two tubes. The alloys
30 described in US 6,406,800 Bl are not suitable for use
in high-temperature pyrolysis. A further drawback is
that only alloys which are suitable for centrifugal

casting can be used for the inner and outer tubes.

35 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



metal lurgical join between the two tubes. The alloys 30 described in US

6, 406,800 Bl are not suitable for use in high-tenperature pyrolysis. A
further drawback is that only alloys which are suitable for centrifugal
casting can be used for the inner and outer tubes. 35 Furthernore, it is
known from US 5, 069,866 to produce a tube having an outer tube and an inner
t ube j oi ned uter j.sost ati ressing.(H RP). fromtwo
powder s. Theé%)l%%%%?(?i E:L%stgee S g%%ﬁ%ﬁ%f ilcﬁ{)efs%lg 5§§%egér iBed i n ¢ hat
docunent, howeverbiargorikeei S hogh-tepabieuterpruselvaihi gh-tenperature
pyrolysis. In view of this background, the invention is based on 5 the
probl em of proposing a tube which is particularly well matched to the :
speci fic denBhd¥iPHpSdedih® sPREKIFOUAPp! itE&t i TR R $8cR3EEF AT exanpl e
hydropyr 6l ystise plublbBer oy epropossSngnbendas twhPERPASE @ 0aessr Tor

produci ng tubes, havjn n_inper tube.and an outer .tube. 10 This problemis
Solved by { RECEhBTREC Rt FRr P PREC{hin CETAIAS, MRS S artatots
configurati omsphieat gpwvenrenst hewlbcdai ier txafipd el mysitomyrdlsydiased on t he
under1ying concaplypbre oL Ngs 8 :CRTRASH &4 UBRBBLLNG, Al 8L Pady L ube and
a second part-tube, Tn which one part-tube iS arranged PRO°ERE otfer
part-tube, thecdielng philbes ubavingaancemeel fuged|yndasn euber hwdet he second
part-tuhle has 20 been produced by pressure treatnent froma powder. By
conbining two part-tubes, |t is _possible for the tube according to the

i nvention tofbkS sPEOPEcEal 15 Paldifs PYo thite Fehdfat madd<ssd P sei al
application m4£as, clsigh, aswhel cexanpka thydoopy r Aorsisurda i0s segand

part-tube can, be used_ .in rtjcular to inprove the corrosion properties,
even at tenperitred the Bl Srms

15 The invention is based on the underlying concept of
forming a composite tube having a first part-tube and a
second part-tube, in which one part-tube is arranged in
the other part-tube, the first part-tube 1s a
centrifugally cast tube, and the second part-tube has

20 been produced by pressure treatment 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.

25
The second part-tube c¢an be used 1in 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

30 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,
35 limited mechanical properties, while the remainder of
the wall thickness 1s made <from a less expensive

material with good mechanical properties.



of up to 1200C, the wear resistance, the carburization and coking behavi our
when used in ethylene crackers and 30 the heat transfer of centrifugally
cast tubes. For use in the conveying of highly corrosive nedia, it 1is
possible to use a centrifugally cast tube made from a corrosion-resistant
materi al having, for exanple, 35 |imted nmechanical properties, while the

r emai nder ofop { Beuakle {5k ckReSShbhogBALoHE ORA A8, | yeq maierial

w th good necrhang cal properties. - 8 account of its honpgeneous

m crostruct ReSaFR theY poaSi bit§iRd of WBTYLWhTbkE R ni ckedebieel 2 a
centrifugal | yegest FhgdEL S Ravd | eubar | s spiatrdble1hen v t heithgraal s &F acki ng
of hydrocarbans. wever, b¥ 5 formng a _second E)art-tube, whi ch i.s produced
froma powdetS foPeERANpI ETBTEABE i 88st AYPEOFPEESRg, iHPH S osdihl e to
impart fort hBsripiopent i @scéwdt barteenbei, f ugaldly dastpiadecadi choar ex

unat t ai nabl e by, such tube j1self. For exanple. the second part-itube can
be 10 nmade fl?%‘kr%j%%'t erflogl sg)\?\%ql%%gakg n%?t sﬂils?ggﬁgif:orp%es%]eIH’ri f‘ﬁgaJIS casting
process but rassbeieroduced impapowdefuforenr Furtdpsmores t heo secdml
part-tube c - i fed. wi.t-h e t Yy, r : Uk f rofile,
during the g‘?lee%'gfjlr%%{iea rrg%tlskoft%tb%eq{)%/\%gr#%Sui\?}Vé?EH%ﬁ?gl%erllaty?ic%ucgrgl |y cast
tubes, geonetrieReoitspis. FopecxanPodeheitlitsscsrmy pardctivbredE®y Ronpl ex

remachi niong S4&HPS, FFQH ONAPELaBs CUIRIdW dre elpet rolytdDaldy for a
mat eri al - renovi ng. engﬁhl ni ng, operation. The COfTBOSI te tube according to
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centrifugal Igrebstet uderihgr the pressure treatment of the powder.

15 With pure centrifugally cast tubes, geometries of this

type can otherwise only be achieved by complex

remachining steps, for = example a cutting or
electrolytically material-removing remachining
operation. The composite tube according to the

20 invention may, however, also have a smcoth surface. In
this case, the advantages of the wider choice 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

25 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
30 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 pbwder is to be understood
35 as meaning any compacting of the powder which, 1if
appropriate in combination with heating of the powder,
produces a cohesive solid from the powder or a

pre-compacted powder. It is particularly preferable 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
whi ch, based on its cross section, has at |least two regions (part-tubes) |,
which differ fromone another by virtue of the way in which they are
produced. A pressure treatnment of the powder is to be understood 35 as

meani ng any ti o] e I C i proprjate. in.c I nation
Wi th heati ng&g?p%%gog%m%?%]? Equg ugcreosvgéc&reos%uvcequo%)?d rée?%nn%tﬁéf %ovg\;\%er or a
pr e- conpact edspoweferc pressipar{fiEBlarly preferable for - 7 the second
part-tube to be produced by neans of hot isostatic pressing (HP). In a
preferred enbodinent, the first part-tube is 5 arranged so as to directly
adj oi n the sbtorfl pareieibed eRPEEET v t HE'S adi Wi st Rt ot the
C(r)]rrposi tesdt Ué)fran@dét')kﬁi sneasf tit Si_i:"p:@_bfca@yle%dij@iﬁ'ﬂ xﬁl@ wddﬂan)a_tﬂte%\mﬁ{]ace of
t he second part-tube. ver, .it.is.also poss t o _provide further
part-tubes, ih parti &H:_gcrﬁ\{eef it 1%%%%“599 ua&a:l Itgecfs RU0e€ or™r t her
part-tubes prodiuced offy ifsesswrimdasat el x¢dbm aopowderto la swriacd his way
possi bl e Lo BrodUee S QLS L AYELa 0l cheles: L. thbe 1o gl Do pref err ed

properties for thei r_cPartlc position in the tube cross section. 15 In a
preferred enbodPEaMida heusebsnd PAFE-tWUpRS hadna PpEbifHéari nfpaiszul ar one

or nore jiont e¢dd r fFR§a1lPecabrotitbesmy ahsenke Fh e grofides A
profile can  be used to I nfluence nedia flow ng insjide the conposite 20 tube
accordi ng t )®Y hBTFRAVBAEI bAeGFTRBG & 50vd P ohy 1t héSodtsitde Sofahe
conposite tubessfiore exanpreduye swirildurg Idheswupot The deadiddsdwWeardybepr ef erred
enbodi nent ‘%t&}i nt erenal fifns [ % em'onené I].Ke Sui toq:bl ghé% use é.n a ,process
for the theratCRr &g EF T RYEFSc bR 1167 he particula
position in the tube cross section.
15
In a preferred embodiment, the second part-tube has a
profile, in particular one or more internal fins, the
profile may aiso be an external profile. A profile can
be used to influence media flowing inside the composite
20 tube according to the invention or media flowing along
the outside of the composite 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

25 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
30 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 accerding to the
35 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, 1i.e. the outer angle
between the fin flanks and the radius of the tube, is



25 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 30 possible to produce the

part-tube inside the first

part-tube _or, surrounding the first part-tube. A
preferred flow profile nmade up of core flowand swrling flowin the
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taken up by the swirling flow. The swirl energy induced
by the fins is therefore substantially retained and is
not mostly consumed in the fin wvalleys. This leads to
the tube metal temperature being reduced and made more
even and also makes the temperature over the tube cross

section more even.

The fins and the fin valleys located between the fins
may be designed to be mirror-symmetrical in cross
section and adjoin one another or may form a helical
line with in each case identical radii of curvature.
The flank angle then resuits between the tangent in the
fin valley/fin transition point and the radius c¢f the
composite tube. In this case, the fins are relatively
shallow; therefcre, the fin height, i1.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
ratic 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

ﬁglﬁsggggeemggr BefYeHeq2@ TRe thicns andthe J inyald eys



may be designed to be mrror-symetrical in cross section and adjoin one
another or may forma helical I|ine with in each case identical radii of
curvature. 25 The flank angle then results between the tangent in the fin
valley/fin transition point and the radiyus of the conposite tube. In this
case, the fins are relatively shallow “"therefore, the fin height, i.e. the
radi al dist efpeenp.the fip.vakle the fi ts from
l r r

the ratio of@?ﬁg %i n sur?aEeoar eg V\nhlfsh%éﬁ ﬂltB%g’ teiﬁvelaglggel%%ﬁ%@ea%@ e clear
cross secti offoMhk- 5% at? o2 shdul d be between 0.06 and 0.01 (preferably
between 0.08 and 0.1). Therefore, the fin height increases with increasing
di aneter, so that the 35 . swirling flowis retaiped in the strength and
di rection r}éq@irre@&effor%ﬂg A of CREVPHESTiHR. Bh% of hBr VRHRYS 1 he
reducti ol i nléddicd earo areaseldsedecadnng seodtbtt ubrdw thetdfosanme«li anet er
as the envel - Lrecle of th of i) is at nost 3% and is preferably
froml1l. 5%t oggﬁ%gmg%%ér’%% e?gf?%{:/vg%/ %%E(’:i(f(?/k? esults inthe fin valleys, 5
leading to a self-cleaning effect and therefore to fewer deposits of
pyrol ysi's colest Jenbenayeoliowhakhal 1 rEEBSBESULY G OF hile ditannal
di anmeter of the tubes - a total of 6 to 20, preferably 10 8 fins are
suf ficient t&LUHTRYeothENEI GWOSFO 1% FTHEahcebr akCe A/t IPEHETaRhtion. In
the conposite tuhe wiid kokeiBaknti No | AcREes danee £ hpkBginavention, the
ratio of the quotients of the 15 heat.transfer coefficients QRR Qo to the
quoti ent of FTRECIHRRCSTUrE FosshS ABFFAPEP n the water test, applying and
observing the laws of simlarity and using the Reynolds nunbers determ ned
for a napht S m.nl xture, | ref.era .4 tao 1.5, where R denotes
a finned 20 u%@gaﬁghéogéﬁgt éczlbaeos"r?rlno hp{’%%;él.qﬂn tifs! 3ot Recdfiffifed

with the invention, the ratio of the quotients of the

15 heat transfer cocefficients Qx/Qp to the quotient of the
pressure losses APR/AP; in the water test, applying and
observing the laws of similarity and using the Reynolds
numbers determined for a naphtha/steam mixture, 1is
preferably from 1.4 to 1.5, where R denotes a finned

20 tube and 0 denotes a smooth tube.

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
25 fins (profile 1}, in which the radial distance between
the fin wvalleys and the fin peaks is 4.8 mm, is
illustrated by the data in the table below. The finned

tubes all had 8 fins and the same envelope circle.



The superiority of the conposite tube according to the
(profile 0) and a finned tube with axially
in which the radi al

3) conpared
paral |l el 25
val | eys and

tabl e below. The fi nned
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Tm[C Fl ui
Tenper at ure
factor with
ATo/ AT, Hyd
1 0.8477193
Ho:HoO _
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i nternal di
10 factor of
i nvention g

10

15

20

to a snooth tube
fins (profile 1),
the fin peaks is 4.8 mm

I S
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di st ance bet ween
illustrated by the data in the

invention (profile

the fin

tubes all had fins and the sane envelope circle.
§§8F§L§ Fl ui d tenp at 9950 843. 6 848 1 843. in the centre
tenp—at—9950—mm 88898948748 the 1cugc U [C]%
Fhﬁge &engs, 324599591 8 995@4Bn=r6AT = T84BT [¢] B4ewdgengity
inOtH§688§@ré #24Pp283 respect to the snmooth tube H H =
diameter gn] 0. 0380770. 0326 0. 0358 Homnmpgengity factoriwith
FlaigossEp - re@ r@30 8. 05P8férented tiPh he |s 8 ubke
Ado Bhdxédde>Tdol Wassifigation H: 2 2 1 1In the|labove tablg, the
neter 1s _defined as follTows; ydr = (Clfegr cross
ﬂ?@?ﬁﬁ?kuﬁ?rcuﬁ?gggnceat t prety abl‘ co?geépond %rg t he
aﬁﬁb@rnﬂiaﬂTceﬂpafabJeTgnDoth tube apd then gives a hormogepeity
ﬁ25 In the water test], the conposite tube a¢cording to| the
-'nn haoat t vy arnef A £ O\ -v.viﬂi el o ht NIhAe I
VTS a Nncdat U1 arnsST <l \\d’\} LLEAZ L™ LILLI JIIC lJ
Homogeneity factor with 1 0. 9869281 1.4245283
respect to the smooth
tube Ht Hy = ATO/ATX
Hydr. diameter dy [m] 0.0380 0.0326 0.0358
Homogeneity factor with 1 0.8477193 | 1.342055¢
regard to hydr. %
referenced to the
smooth tube Hig:Hyg =
ATy > dx/ATx> do
Classification H: 2 2 1

In the above table,

as follows:

4

circumference;

Dhydr X

(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 transfer

{Or)

smooth tube and then gilves

which is h

a factor of 2.56 compared to the smooth tube,

pressure loss (APg)

of 1.76.

In a preferred embodiment,

analysis of

a homogeneity

the composite tube according to the

igher by
with a

which is increased by only a factor

the first part-tube has an



a factor of 2.56 conpared to the snooth tube, wth a 15 pressure | oss (APR)
which is increased by only a factor of 1.76. In a preferred enbodi nent, the
first part-tube has an analysis of 20 - 11 Elenent % by weight CO0.1 to
0.5 O 20to 50 N 20 to 80 NbOto SS 0to3 WOto5 other 0to 1l
Fe remainder and it is particularly pre%erable for the first part-tube to

consi st of c eg@e DI N EN 10027 Part 1, gg %;E%E% GX40Cr Ni Si 25- 20,
GX40Ni Cr Si Ng3 oO 25— 5 G4SN CrSrNb 35255 6% =S =24

GX45Ni Cr 5i 35-25, GX43Ni Cr Wsi 35-25-4,  GX104-& 193220, GX50Cr Ni Si 3030,

G N Cr28W GNi G CoW  GX45Ni Cr Si Nb45- 35 2@X%%Ni5@r Nb45- 35, GX13Ni Cr Nb37- 25,
GX55Ni Cr WZr 33-30-04. These materi at s have _proven 10 particutarty sui|tabl e
for high-tenperature use in processes f 020 ke BRer nal cracking of
hydr ocarbong.ygd n a preferred enbodi nent, | phessecond part-tube consi|sts of
the sane matjerial as the first part-tube 15 kbmever T0set partiqul ar
properties, [tt] for the s8chfAd3 nart-ruhp to consist lof a
ceramic matgarjal, an internetallic material teor 5an ODS nmmterial .

Internetal lifC terrals can be made 1 nert |r% ggressive atnospheres, while
oDS mterialsgfﬁﬁfgw—a—g@—gaad_epeep_mpuﬁe&ieagm_b%ww

di spersed qxg«es. remainder

and it 1is ©particularly preferable for the first
part-tube to consist of one of the DIN EN 10027 Part 1
materials GX40CrNi1siz2h=-20, GX40NiCrSiNb35-25,

5 GX45NiCrSiNbTi35-25, GX35CrNiSiNbz4-24,
GX45NiCrSi35-25, GX43NiCrWSi35-25-4, GX1O0NiCrNb32-20,
GX50CrNiSi30-30, G-NiCr28w, G~NiCrCoW,
GX45NiCr3iNb45-35, GX13NiCrNb45-35, GX13NiCrNb37-25,
GX55NiCrWZ2r33-30-04. These materials have proven

10 particularly suitable for high-temperature wuse 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.
15 However, to set particular properties, it is also
possible for the second part-tube to consist of a
ceramlic material, an intermetallic material or an ODS
material. Intermetallic materials can be made inert in
aggressive atmospheres, while ODS materials allow a
20 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
25 contact with the inner or outer surface of a
centrifugally cast tube, and the powder to be compacted
by pressure treatment toc form the second part-tube and
joined to the centrifugally cast tube, in particular
metallurgically. The use of a powder to produce the

30 second part-tube makes it possible to produce the part-



The process according to the invention for producing a conposite tube

provi des for a powder to be brought into 25 contact with the inner or outer
surface of a centrifugally cast tube, and the powder to be conpacted by
pressure treatnent to formthe second t-tube and joined to the
centrifugally cast tube, in particular ~fretallurgically. The use of a powder

Lo produce the,30,3600Rd RANLLIRS. MRXES 1L POSRLELELLBAR! QMG e, part -

12 tube frommateri al mat eri a |nat|ons are not swtablefor
centrifugal RSt |5r‘ﬂg'Lt@rb1@anf6ﬁl W%btrlp@%ﬁﬂceéfaﬁnttlﬁ%oq%l d‘é&fhbpélﬁutb%y (e.g.

inert atnosphedeted MoweeMer, cohsigepasskbl eonlﬁryOdUC(% Igibes mavhi ch
cannot be centrlfulgallb/wc st _on _accaqunt. of their sometry such .as for

exanpl e an i ANE?S OLEREFE: i cicheRQS P DRI §¥Oa FFEFUGR TR in
particul & giviesh caseotobtehe:quﬂss‘jﬂmga]llw ofasidaphi agcohatoutfertiogit nner

surface of a,copliifUoglly astotubg Wil SRRGLLLG 10 Rl aripls Lo,

appl i cati on AFeas 1 cen?n uga y cast ma erial’s reequl e speci al
protection, thiclkxespl efprorlect borfeagainst Tédisr ot opaot icudkirng@ives The

powder can b@ﬁ@f@ﬁ%@ﬂ%éﬁ%ﬂféﬁt& Oéd;hb@lmgeﬁ]ﬁé' bugald %.cagindube which
t he second part-tube is 'to adjoin.” This is i cularly advant ageously

i npl ement ed FHREEHES cetft r i u&&lqtﬁléélgtaltll}’bec%tatt‘a]ﬁe et Bt P &hpkt at ur e.

For thigopurposeridhe 20ceent apbugabkyosast atebe canrei tRaridie spiayed with
the powder i nmedi teI after |t has been cast or can be speci all%/loreheated

for the appl F¢atTb u%‘T‘ the poi@Rt. 1TEYSTHET i culBFIY I ef erSiS 3 or the
powder to bep2&tédeated, dickngxbhelpr pdockicanocaf algld ncdnmeast tees tarberr Thi s
can particul arly breferably take place at the same tine as the pressure
treatnment, for exanple by neans of the hot isostatic pressing that is
parti cul arI y

15 The powder can be sprayed onto the surface of the
centrifugally cast tube which the second part-tube is
to adjoin. This is particularly advantageously
implemented 1f the centrifugally cast tube is at an
elevated temperature. For this purpose, the

20 centrifugally cast tube can either be sprayed with the
powder immediately after it has been cast or can be

specially reheated for the application of the powder.

It 1s particularly preferable for the powder to be

25 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 1s particularly
preferably employed. However, it is also possible for

30 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.

35
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



preferably enpl oyed. However, it is also possible for 30 the heating of the
powder to precede the pressure treatnent. If the pressure treatnent and the
heating of the powder are carried out simnultaneously, the result is a
second part-tube with a high density, a4ow porosity and good netall urgical
bondi ng. 35 The heating of the powder can be effected by heat transfer from

the outsi de,ei@fﬁeﬁ%awhahbyléﬂeﬁﬁl @gntta%t Gantd | EMgablyngeast fdips,oF, by nmeans
of a gas stream | ow ng over the powder or by neans of a heatl ng - 13

el ement whi chti slff' n %Jo?l‘? acROF HAL € hef powdete  HRRWRRE he NeB-$dssibl e
for the powdetddotbeesheated inductively. 5 The povvder can be pre-conpact ed
prior to the pressure treatnent. This is particularly preferably done by
shaking. To inprove the handling of the powder, it can be pre-conpacted
out si de the Teat ppivdgal lgarcase bubecbopattem @sivapetobadty, Frrsaxanpl e to

forma tube I he gpjgﬂ: rr o] to a
suffici egt e% e%%r&%m?yt L@qﬁ]ap gpéd&f ?%ﬁ%fb]p%f? é%?el ngL;By for
exanple to b'éh%}élrlflgsuﬁﬁo#fﬂipﬁ@ve THe d?@%]dﬁ%c@%dtb@mé’w@eﬁ:t H& f&F of a

shaped body pé sptbefofgsyt£Q bﬂtéQQHCthnE@nttE@f@t%'atl'l'yf ugald gasteo 15 tube.
The handl i ng (gr operties ch{ gogg \C/]»tder can |E%a ddition or as an alternative
an

be i nproved T$*Fhé ORsPREMBLIBI dfer LOFBr FexEMDF eOFo Form a
shaped haody. C}Ih:en@@r bi mter prefesmbdytieqaveant h@p@ﬂﬂeriedluwmtg the apressure
treat ment, |nP]art|cuIar %urln 2. press

g ure trea h heat.i ng.
particul arl y pr ef &t abr e eﬁlrtodﬁce a gon%hasp?(g B”gyt utbO hgw% taq%iecond
part-tube arf@mgédndrhmlqe first fpartexanipd.cbyta peomlsf-tsummctmagcore is
|nserted|rﬂfhe pre~compacted powder in the form of a shaped body

is then easy to introduce intc the centrifugally cast

15 tube.

The handling properties of the powder can in addition
or as an alternative be improved if the powder is bound
using a binder, for example to form a shaped body. The
20 binder preferably leaves the powder during the pressure
treatment, 1in particular during a pressure treatment

with heating.

It is particularly preferable to produce a composite
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
between the inner surface of the centrifugally cast
tube and the core is filled with a powder, the
30 centrifugally cast tube together with the core and the
powder is introduced into a pressure chamber, the
pressure chamber 1is placed under pressure with
simultaneous heating of the powder, and after the
pressure treatment has concluded, the core is removed
35 from the composite tubke 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, 1in particular in the case of a vertically



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 30 centrifugally cast tube together with the core and the
powder is introduced into a pressure _chgyber, the pressure chanber is

pl aced under pressure with sinultaneous heating of the powder, and after

the pressur e de he re i ey 35.fro he
conposi te tU‘E%H(;%%ucgén?%?gﬁggi\%gy:g‘?ﬁtec i?(rell?redducsbtelrpon o]?ld% heo%o i eéF into a
cl ear space Wathalrepdfih§ipefwedh the Pogsdllsurfoscdhd imeredigidmgal |y

cast tube angsthgeCebechahd/ v athadyant Ageousthotheh de?d.td NePad ticul ar
in the case of a vertically - 14 up ht centrifugally cast tube, Depending
on the spat? ?c%o‘ﬁé?{[?oﬁsFepftrilguﬁééggbpésf:ort e it IRALY oS5 the core
and/ or the falpragswtéhchaebpowder to take place while a centrifugally cast
tube is already inside 5 a pressure chanber. It is preferable for a core
with a profile that is the inverse of a fin profile to be produced on the

i nner side bt ibepcefpasitle thshe a ccdoes i mbent edpirntfélehehb® denttrhid ugal |y

cast tube. T. oSt e, t ﬁgﬁ%r frQr recei cond rt- with an
internal profi %Pé@mﬁghe%aﬁgga ti c%l:%r Iel—yO prS%f g}%ﬁ‘%%ﬁ (8126 @L%n laljiﬂ%){%rjjgcess
for the therdiafecradckifR§ ofORY@F dear Borwse | Aot Hee presari@s ofnspedmhe 15 The

core cancbe erpyethuds Pyt ke conpess t e Thubec@hpod ast thibePa¥ e RyrdEANS Of
etching or by nechani cal esses. . This nakes it easy to_rel ease the core

ro easy
from the c %%+Y%Stﬁbe5%$88 cRETVETRS YheRcie hBRESER230 RERtiken
met al | ur gi cakhych ocaed plae ttike lsedgndb afdradlibebe | nsaddiib N Pro@ssAan

alternative, L1 ig posgible FOr o ocking of hydrocarbons in the

presence of steam.

15
The c¢ore can be removed from the composite tube at
least in part by means of etching or by mechanical
processes. This makes 1t easy to release the core from
the composite tube produced even if the core has in

20 part been metallurgically joined to the second part-
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 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
30 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
35 tube, according to a preferred embodiment the
centrifugally cast tube 1s inserted intc 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



the powder to be provided, on the side facing the core 25 or the nould,
with a spacer material, for exanple a special binder, which prevents
nmetallurgical joining to the core or the nould during the pressure
treatment of the powder, in particular,during the heating. This is
preferably done by evaporating the spacer material at 30 the transition from

the powder tg,{h6;c0f8 Oknta the gmuld, Jo @ﬁ%gegg,a %%posgife%uég 5 W th

the second part-tube provided on the outer si _the centri y cast
35 tube, acCRHUMRFtota FEIRT edEHbodiEERS U Bl i fulgatl5anem®is t ube i s
inserted intigegt ifyl 6f BheChBRBcspagadwlifeB rr emai ps-deetueen A neuter
surface of the centrifu allé cast tub% aqgﬂ§he nqgld is.filled wth a
powder , thelgﬁ%t???ﬁggg?g’cg £ Pasdte 191G RTOdCRY Rt & SprEsur e
chanber, 5t hexprressur e fictsanbea rits tpbacedndnder (xessdr epatt t-hcsbarulitsaneous
heati ng of t¢§m98¥§efmaﬁngh$jﬁgﬁléhe pressure treatnent has concluded, the
in

conposite tubé produce his way 5 using a first part-tube and a second
part-tube is renoved fromthe nould. The powder in the clear space between

the core andrfdiepoc@BET i hugalkl o 1ast e BetdiCehobhd aBdet heg e

centrifugally cast tube can be conmpacted by shaking. To inprove the handling
of a centri fERPFTYERIRILY ub&E25H t htPBRder©t hattHeas BeEAdi nt#dducddS nto a

cl ear space chetveRigd hey neastl admse then aentadfiplgat éy spsshikbegor 15 the
core and the centrifugally cast tube, the clear space is preferably closed
off at one end. This in particular allows handling of a vertically upright
tube wi thoulot heppowdertlr oppnadiogt «f theedtearfwyddey 28sThecyieessure

par ti cul ar 1009 ar ot sy PG BELA 1Bt roBhBRe AR s S Endt s
' between the mould and the centrifugally cast tube or
15 the core and the centrifugally cast tube, the clear
space 1s preferably closed off at one end. This in
particular allows handling of a vertically upright tube

without the powder dropping out of the clear space.

20 The pressure treatment is carried out in particular at
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.

25
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 precduction of the second part-tube. It is

30 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 1f a
35 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



preferably heated to a tenperature of at |east 450C, in particular of 1000C
or nore. 25 The conpacting of the powder during the pressure treatnent can
be.carried out under an inert atnosphere. This in particular prevents

oxi dation of the powder during the pro tion of the second part-tube. It
is 30 particularly preferable for the pressure chanber to be filled with an

inert gas. P@{éﬂi%laréﬁaﬁéfé&ﬂe&é_:?éx@gﬂé:ﬁé&’nb?f £OHRESHEE ot oGS osa¢cor di ng
to the invention can be "achieved if a 35 IuraFl ty of Conposite tubes are
produced togét¥&r Yhth oAETprLe8surfe "ehamstr theR (tHd SEdd¢@ ofh @ eBfpositte tube

that is to behy odusesosiéh kebiecalwiytl unpepgetdt eral | ynéi npedthekes, the
- 16 heli cal ;ﬁgjpe can be‘% nerated by producing a conposite tube with
straight fi nd© e HWdS the ends of the conposite tube with respect
to one anbther follow ng production. 5 The econonics of the thernal

cracking of Rydrocarbons.qi B¢t U f HBQ%SE;@H&@&FS‘E" 'h?{(rdgg%%‘%%o%‘éb?s can

be inproved by the use of a conpositée tube, since” prefe properties can
be set for tHeé phalpecflvamar®posithoexderngd lyarkeatdd Bypbesansanf behe

different prigguciien fioy mscpad materig s dseghdossihe papbet ubednc@f the
conposite tube. It is particularly preferable to use a conposite _tube
accor di ng t o A% SERGéht PERPEE EA/S cRafnePei regt pdidt t (8¢ | P& tdERtAiLt ugal |y
cast tube0l5 pand tilke seconthaphrtubabrasopearprsodoged iy prREFSHERt
treatment froma %%\Adoenr. The co osia g tube acco d'%nlg %g t he irl\égl\r%i on can
in particul & PGS Ynelr Thd 12 FAH74AER &5Rehnet" t hRE 82750 "80SI i ng
flow i s generceft ethd rocangeo s e di@be. vITi hétygaoticularly preferable to

use a composite tube according to the invention in

which the first part-tube is a centrifugally cast tube

15 and the second part-tube has been produced by pressure

treatment from a powder.

The composite tube according to the invention can in
particular be designed and used in such a manner that a
20 swirling flow is 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
25 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
30 flanks, so that the turbulence is not locally recycled
into the fin wvalleys ir 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
35 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.



the fins and is converted into a core zone with a predomnantly axial flow
at increasing radial distance fromthe fins. The transition between the
outer zone wth the swirling flow and the core zone with the 25

predom nantly axial flowis nmade gradually, for exanple exponentially. In
the use according to the invention, the'swirling flow takes up the

detachi ng turhul gnce al thedidin30ch! atkes, 1 §9ekhabyt he fair byl snge jies not
|l ocally recycled into the fin val eys in the tormof a continuouS circular
flow This i$ea@dsoet atkd WPR aitlincredseni fbhe HalhfahnFesi@Encehdche of 10%

to 20% for exarlechs%difhéssi svensuwhed dubdasl+cuhpérbhicéh®eswethi ng f1ow
in 35 the reqion of t@e f.ins Ordthﬁ fins .thenmselves run at an &ngle of from
20 to 40, fo h@xaﬁb‘ﬂé ufifs P9 HPEf yS5%8 5 (1§ PRI HET edBEct to

t he tube Saxiasud -tHer héatt he gséchdgordiseg cageiche iwevedd i om, thhe ceouppl y of

heat in the .and_int : int.erior i i nevi ly.differs
over the tubg%gl%r'\(,:\ﬁf %?e%%egggg\%elé#%%[ h@ﬁ g%t Tglgglé:%gr?& {Bhne %%?k&ﬂg e, Is
conpensat ed fodr boand tdwemeRting qafckihe dbserpaseddhwatdsthe théecore

zone. This i5,:a350G)ated et s dBAGt | 8rhBLibE Sk PE11 008! gyer heating
of the process gas at the tube wall, wth the resultant formation of
pyrol ysis cok@reoysteodle thariherfaiesitEsphgthe Fubet tBEerapérigl is 10

&edEceddp@ aﬁ@@#@%dofoﬁheakﬁﬁmaﬁat@&e %@Fpsnéapb@afﬁagtwe@& enght ishde Snd
ark side, i en ns tr service life., Finally, in the use_according
to the inve %8’ A ‘f%%é?g?u@@% 38 ha1{Gpe W?Fé%% L%I&?F RS | §%§I so made
nore even, resuhtiicey Lhfa.beFiesleyhylienethe yusbd atcopetmyi ng senerity.
The reason fq_ﬁlv%mt%.()ln the, [SYELLPLLLL Y QL the C{dﬂ%“ ?90%%3%%'&%%&"“' ch
wi thout the Tadial ténpérature conpensati on according To e

is also made more even, resulting in a better ethylene

15 vyield or operating severity. The reason for this is the

reversibility of the c¢racking reaction, which without

the radial temperature compensation according to the

invention in the tube interior leads to cracking at the

hot tube wall and recombination in the centre of the

20 tube.

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
25 tube and to a greater extent 1in 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
30 together reguire greater intreduction of heat or a
higher burner capacity. This increases the tube metal
temperature (TMT) and correspondingly shortens the

service life.

35 The swirling flow very considerably reduces the laminar
layer; moreover, it 1is asscclated 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



invention in the tube interior leads to cracking at the hot tube wall and
reconbi nation in the centre of the 20 tube. Furthernore, a |lamnar flow
| ayer, which is characteristic of turbulent flows, with a greatly reduced
heat transfer is forned in the case of ﬁssgnoth 25 tube and to a greater
extent in the case of fin profiles with an internal circunference which is

i ncreased by a 0% Thi.s 4 am I inc ed
formation ofcg§§gf52iEn§oﬁ§t4%i%ﬂfgggﬁﬁf% Qﬁé ggggtkg?ﬁgﬂﬁgéad%§?§Vity. The
two |ayers 300t Hekoreqliite PBREBRTRAEY TN GTS hbgtwerna LhHi gher

bur ner Cag?C{r]ﬁYle Bi sadmeﬁ%,eSWhm_@ht lallif%f %%gi%ﬁéﬁﬁﬁﬁé}jﬁb@e}g lT_MF)t@@d
correspondin shartens the _service. life. e swrling flow very
considerablyg?%auégg %Wﬁ??%ﬁﬁ%ﬂérprPgﬁé?? gﬁ?ﬁﬁVéW%tqutha at@Fwith a
vel ocity 5 vecompenbiathdi Sodi riegt etet ewdnrds nighef Tubeacentrténgncto reldeices the
residence ti . of . eLACKing T adicals ar ¢ graddng raduet soaf, Lhie bot tube

wal | and their C cataFy I c conversion Tinto pyrolysis coke.
I n addition,neded teaperarure ditfferencesobet weemovah opéreysoasd fins,

whi ch are nof;jpgensi-derabfd ncife ogasgof oatesngl Ik RARSdd eghispes with

high fins, are 5 congensated for by the swrling flow according to the
i nvention. TRR¥S ricr E§5E8NEHe §P XSt et vall Bk ch ERe thiredaf6 cafry out

two coke o emeratkOpgr athsdls. phoviiddidrelitRsi deneend i meiefs t hengkacks ng
products which have a.tendency . to coke is inproved in the case of 10
cracki ng tubB@rE?Sviaﬁﬁymﬁ%ﬂpPﬁFépﬁalb??ﬁg?eThV%t?%UtpaF??cu?%%?%l?%portant
because w t hbubwt eecsmidiriqngtof ldve adeordihgnt ca t heti nirendh ohdardiol e

| nconsi der abl enpLEOPELE! UL e ALILRIENSE Y 5. betugen the in peske  and
and the base of the fin valleys.
15
In the use according to the invention, it is preferable
for the peripheral velocity of the gas flow in the fin

valleys to be greater than at the fin peaks.

20 The diagram presented in Fig. 1 includes a comparison
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

2% or 8 fins, respectively, over the tube cross section.
The curves clearly demonstrate the significantly higher
circumferential wvelocity 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

30 velocity of only approximately 1.5 m/s in the edge

zones 0of the two comparison tubes.

The diagram presented in Fig. 2 shows the distribution
of the circumferential velocity over the tube radius
35 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 fin
valley on the light side and on the dark side,

respectively, while the two lower curves were each



15 In the use according to the invention, it is preferable for the
peripheral velocity of the gas flowin the fin valleys to be greater than
at the fin peaks. 20 The diagrampresented in Fig. 1 includes a conparison
of the swirling or peripheral velociti in a finned tube according to the
invention (profile 3) with 8 fins and @ fin pitch of 30 and two conparlson

tubes (profhles,fe@ntiflng eqeh WLB; 2 Mk Bt GfOf 19808 3che o B T ns,

respectively, over e cross section ves ear dennnstrate
the signifi cReRFy Wg%? lwfa*eu?r%@ee@e@laqia%wh@ey rasppetéWgeyzone of the
conposite tube according to the i nvention of at nost apprOX|nater 2.75 or

3 m dto.th ' el t el m

the odge @ 2oS of (IE LIEEEORPATI { HEBE, CHRE% aGPANPBREGeltE T n Fig. 2
shows thé digdta putiiaon cafostshe saatciunt,.er emct}auhdjne@octhe O\mfroftnh& t ube radius
30 or i he PLOLbLe R, OLon SATMARIAE fatbe AECONGLOPLES ey nualdgn The tuo

- coinciding - urves were each neasure
t hrough a f|hhev§BmQ9réﬁu¥ﬁeQﬁqﬁﬂlQneﬁﬁgm@ @hetﬁeﬂuarkaélde Onréﬁpectlvely,

whil'e the twg,lowey; £Urwes Wehe efchne Js%dérea%ureemgge@gohhe of adijje Whi ch
ran through the fin peaks on the Iight side and respectively.

Fig. 3 illusttadeyns nr E8VEELE t (¥Es, 1¥ENdi ﬁampﬁéeﬁusedatdalfﬁer%}%s
secti onoi NChalelidieh t RELRr 0fd1E 3ndacewedi Bgnt Pet had VAt i ehe Thaysd agr ans

each indicate era ure profll across the_tube radius t dar k
si de and tm§@?%£t E?H BBﬁpaﬁPso 1§55 di 3fr a re&%ﬁﬁ;iQ1rgomer

tenperature mmédﬁdem@etdOthetm&eantu@@.malI and tube centre and the | ower
tube netal tenperature in the case of the profile 3 according to the

i nvention.
The swirling flow produced with the use of the

15 composite tube according to the invention ensures that
the fluctuation in the inner-wall temperature over the
circumference of the tube, i.e. between the light side
and the dark side, 1is less than 12°C, even though the
tube coils, which are customarily arranged in parallel

20 rows, of a tube furnace are heated or acted on by
combustion gases with the aid of 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

25 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 life of the tubes. Therefore, the reduction in
the mean tube metal temperature of a composite tube

30 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,

35 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.



The swirling flow produced with the use of the 15 conposite tube according
to the invention ensures that the fluctuation in the inner-wall tenperature

over the circunference of the tube, i.e. between the light side and the
dark side, is less than 12C, even though the tube coils, which are
customarily arranged in parallel 20 rows, of a tube furnace are heated or

acted on by ¢ e | d I 1, rner on
opposite SI S@g%ﬁé%?&@%%gé%%‘é %?Jgogacﬁg{\{gglel %h\gallﬁjt?& r%ds ?aglcc%/ng t he
burners, andhe ddark s$ide ﬁ\mchhel §hé§ﬁﬁséﬂfolfh|l@agﬁh9®‘nwlﬁ1h Figspectia her et o.

The nean 25 gdibge Nebahdt ePerd UhCagkaf. shdendiff eregcesi nthie td4he  net al
tenperature on the |ight and the dark side, leads to0 internal stresses and

therefore detSMRTEI e 16N &F | tPe oFSTRETEEHBES. THEYRf o tHe
reducti ob i rprdfigl arean coupa reset aiotem)embutﬁ afukse cogsrp@ﬁl@ Dyben3z0

according t helnv ion-wth _ei fi itch 0 t ube

i nt er nal gff‘% &Sjﬁ%r@bnl'rﬁ anértr%ggr %igm%gﬁtﬁl me?%]?g%f é%f i.e. a

di fference |mr0ﬁ11e]leghf3 bzt ween compavald eys ahe fprnopebks lof cl@rwe aofe 11

conpar ed to 2 r@% é%]ube of the sane di aneter, 35 based on a nean service
e

life of 5 years, can be seen fromthe d| agram presented in Fig. 4,
results, at an operating tenperature of 1050C, in a calculated increase in

servi ce1hi f e t @ .aRAONI f' éx@e}d@@h% t IQ}%)eﬂ_g'ﬁu%@W@EM@u@i@ﬂ“lbsuu on
between the |ight side an or .the three profiles shown in

Fig. 3is tTHPYoheiht tB%EdiaaF%ﬁF%ﬁomn hnFF@rcéesTﬁél [tRfercore
t enper at ur e d@welarnd fdsmmrerrméaiuﬁercpwelierotfhehé picfddsa t3 campared to
t he snoot h tuque(prqijﬂ | e, 2 nd._the considerably narrower fluctuation range

for the pro? Sé corrrparerbeto the profile 1 curve are noticeable. 10

A particularly expedient tenperature distribution is
15 A more uniform distribution of the temperature over the
cross section results in particular if the swirling
flow increases by 1.8 to 20 m/s per metre of tube
length and if it covers 7% to 8% of the clear cross
section, calculated from the entry of the gas mixture
20 to the profiled tube.

With the use of the composite tube according to the
invention, with a wview to achieving a high ethylene
yield with a relatively short tube length, the
25 temperature homcgeneity 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. In this
context, the homogeneity factors are defined as
30 follows:

Heg:Heg = ATO>dx/ATx/do

The composite tube according to the invention can be
35 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. 1In
particular, the composite tube according to the



established if the isotherns run in circles in the core zone and follow the
inner profile of the conposite tube only in the swirl zone. 15 A nore
uniformdistribution of the tenperature over the cross section results in
particular if the swirling flowi ncr_eaZ%Tes_ by 1.8 to 20 m's per netre of
tube length and if it covers 7%to 8% of the clear cross section,

- calculated frhomihe, ey 0be t RELQAS M XHY €5 r20uke i Lhe @fofddlgﬁztet&)e- Wth
the use of the conposite tube according to the Invention, with a view to
achi evi ng a Mg Ethy| BReIOyREVd tHPLRaE relldS v ef§r shsrPLabdorerdditch, the 25
t enper at ur e daimgaiteid yof agtibetaveest e o St s€eéhmObal andduke rierper at ure
honogenei ty factor referenced on  the hgdr aulic _dianmeter, should he over 1 in
rel ation to PRHEHEHYE tyl]?‘glé?gf%' of °A shBot ASCUSE. MRTRE 2SR ext, t he
honogenebty glanttor s are defined as 30 follows: H o:H o = ATo>dx/ ATx/do The
conposite tube according to the invention can be 35 used particularly

successfully in all high-tenperature processes, such as those in which the
tube, in paridcultar idnlluepiter 3 dexanp laxpos st  tadhpetes ures of ,

for exanpl e, 300,40 0006 |£‘cc@§(ﬁﬂ1%“'@f , thBe GeRRAsi 46, t uhe gegording to
the - 21 invention can be used in the production of coloured pignents, in
rotary tubulfarrsd IPRTET L@ xARPPE Gr 9PN orbbisT FERe of Os dtarfdds from t he

chemi cah oi NBFEtWYLiEH hPphapsaseptb8akeiNBYsShi¥ssafel freaftusat Fdierati on 5

plants. Fig. 6 illustrates an exenplary enbodi nrent of the conposite tube

accordi ng t&’cf"féeeﬁ'nventi on. It has a first part-tube 10 and a second

part-tube 20 with fins 10 30 whi ch has been produced by pressure treatnent
froma



powder. - 22 - Patent Clains: 1. Conposite tube having a first part-tube
(10) and a second part-tube (20), in which 5 - one part-tube is arranged in
the other part-tube, - the first part-tube (10) is a centrifugally cast
tube, and - the second part-tube (20) been produced by 10 pressure
treatnment froma powder. 2. Conposite tifbe according to Claimil,
characterized in that the first a{é-gtﬁea.(ngso_) is netallurgically joined
. to the other part-tube 15 (20). -5 tube according to Cdaim1 or
2, characterized in that the second part-tube (20) has a profile. 20 4.
Conposite tube a@&ﬁoﬁhmé oc@he RivEhgi 85rirke Bartchabact@mnzegd i that the
second part-tube (2 s arranged the first part-tube (10). 25 5.
Conposi te tube actor C#ié"i”f)tﬁ ™M é{g)r' A0 ¥h:ficterized in that the second
part-tube (20) has aiel eastrtonabent efnal ddvargdY) . 6n Covpesi teHdaibe
according to Claim5 cth_rag:eterized 30 in that the internal fin runs
helically. 7. Corrposl?aflé t Ube accor di ng to Caim5 or 6, characterized in
that the flank angl eclod the st npars-tubm 16100 20s 35 &enGonposjald vt ube
according to one of (laing;p.to, {4y characterized in that the pitch angle of
23

the fin is from20 to 40. -
- the second part-tube (20) has been produced by

10 pressure treatment from a powder.

2. Composite tube according to Claim 1, characterized
in that the first part-tube (10) is
metallurgically Joined to the other part-tube

15 (20) .
3. Composite tube according to Claim 1 or 2,

characterized in that the second part-tube (20)

has a profile.

20

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).

25 5, Composite tube according to Claim 3 or 4,
characterized 1in that the second part-tube {(20)
has at least cone internal fin (30).
6. Composite tube according to Claim 5, characterized
30 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°.

35

8. Composite tube according to one cof Claims 5 to 7,
characterized in that the pitch angle of the fin
is from 20° to 40°.



9. Conposite tube according to one of Clains 5 to 8 characterized in that
a plurality of fins and the fin valleys |ocated between the fins are
designed to be mrror-synmetrical in cross section. 5 10. Conposite tube
according to one of Clainms 5to 9, ch cterized in that the fin peaks and
the fin valleys of a plurality of finsin each case adjoin one another. 10

11. Conposi te t ube,gesordi n@ul&é’ 88@09&1%3%@3 ohd %éoﬂaﬁ'ﬁér actgriged in
that the fins and the fin vall of a plurality of fins have the 'sane

“radius of cur vat‘-"d“raera‘it?rllzzectoh‘bo@?*é fu R EEcdrtal ngt t 61BfRe 28 AhEims 5 to

11, characterizetirbyvaileyal lOf:aﬁlelﬂ e thearmt Yrid NSind 3areonpasidred ube
accordl ng to one of Clalms S to 20 characterized in that the ratio of

the fin surface afeéx WHHiwN tsr%n‘rfﬁtojfjﬁael el etope” JFEHE %0 the clear cross

section 6f the profile is in a range fromless than 0.06 to 0.1. 25 14.
Conposite t aceoy o} ak t 3, eki n that
the ratio o?lqjtahe ﬁ%ﬁg{% t&?& %EC% gﬁs%él:e coofef(??%lﬁg%]té 6%/&5 to the
quoti ent of the p¥ feeqlo%%%slAPFUhﬁ:ﬂJ thet Hen waeekst egtd j sheérdmnl. 4 to
1.5, where R dengtes &,3%£0aPeshiglitpecw epking @a@hO c%%%OtaQﬁﬁrls”DOth
tube. 15. Conposite tube according to one of C ains 4, characterized
in that the hydr &i1§ @Hidter 35 corresponds to the |nternal t ube di aneter
of a cogparable snooth tube. - 24 16. Conposite tube according to one of
Clains 1 to 1]15, . . .
. Composite tube according to cone of Claims 5 to 10,
characterized in that the fins and the fin wvalleys

of a plurality of fins have the same radius of

curvature.
15
12. Composite tube according to one of Claims 5 to 11,
characterized by a total of six to twenty fins.
13. Composite tube according to one of Claims 5 to.12,
20 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.

25 14. Composite tube according to one of Claims 5 to 13,
characterized in that the ratio of the quotients
of the heat transfer coefficients Qx/Qy to the
quotient of the pressure losses APg/APy in the
water test is from 1.4 to 1.5, where R denotes a

30 composite tube with fins and 0 denotes a smooth
tube.

15. Composite tube according to one of Claims 5 to 14,
characterized 1in that +the hydraulic diameter
35 corresponds to the internal tube diameter of a

comparable smooth tube.



characterized in that the first part-tube (10) consists of a material with
the analysis Elenment % by weight CO0.1to 0.5 C 20to 50 N 20 to 80 Nb
Oto2 S 0to 3 WO0to5 Ohers 0 to 1 Fe Remainder 5 in particular of one
of the DIN EN 10027 Part 1 naterials_Q%ﬁOQrNiSi25-20, GX40Ni Cr Si Nb35- 25,
GX45Ni Cr Si NbTi 35- 25, GX35Cr Ni Si Nb24- 24, " GX45N Cr Si 35- 25,

GX43Ni Cr WSi 35£25- ' 2- Cr Ni.Si 30- - ' 8

GN O CoW  CRASN B R S0 GRLIN O K45 38 tan O Rba7 o6 1o

GX55Ni Cr WZr 33- 30- BR2r37tetdapsi o tUbe add6r difdgsto BABtoEuRRai MOL to 16,
15 characterized tonkhatst be semgodrpaltwivheche gRdeysfigom the sane
material as the first part-tube and/or froma ceramc, internetallic or ODS
material. 20 18. Processfor producinga—conmposite-tube according to one of
Clains 1 to 17, chBtameeki zed in that a powdegrsilsy bwelight into contact with
the inner or out 32 surface of a centrifugally gast tu eg,2 and |[the powder is
conpact ed by presgtre—t+eatrent—to—25+formtheSeconrdPpart—tube and j oi ned
to the centrifugalky cast tube. 19. Process dctbridongdlto C ai m 18,
characterized in |{hat the powder is heated. 30,5 25 80

Nb 0 to 2

Si 0 to 3

W 0 to 5

Others 0 to 1

Fe Remainder

5
in particular of one of the DIN EN 10027 Part 1
materials GX40CrNisSi25-20, GX40NiCrSiNb35-25,
GX45NiCrSiNbTi35-25, GX35CrNiSiNb24-24,
GX45NiCrSi35-25, GX43NiCrWsSi35-25-4, GX10NiCrNb32-20,
10 GX50CrNisi30-30, G-NiCr28w, G~NiCrCoW,

GX45NiCrSiNb45-35, GX13NiCrNb45-35, GX13NiCrNb37-25,
GX55NiCrWZr33-30-04.
17. Composite tube according to one of Claims 1 to 16,

15 characterized in that the second part-tube is made
from the same material as the first part-tube
and/or from a ceramic, intermetallic or QDS
material.

20 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 1is compacted by pressure treatment to

25 form the second part-tube and joined to the

centrifugally cast tube.

19. Process according to Claim 18, characterized in
that the powder is heated.
30



20. Process according to Caim18 or 19, characterized in that the powder
is pre-conpacted prior to the pressure treatnment. 5 21. Process according
to Caim20, characterized in that the powder is pre-conpacted by neans of
shaki ng. 22. Process according to one_ Cains 19 to 21, 10 characterized
inthat - a core is inserted into a centrifugally cast tube - a clear space
whi ch remai bet el s nSULfa the tgif é:]a]s% ube and
the 15 corgé;ci)'s f???%l%égvi ?ﬁagfg%&ge?{jggtagé %gnto(rifpugg'al y_calaés/tt tu ee&i S

pl aced under presBufbafi tHSipevdanedds HEGRPITLahePT potdér, theaafter the
pressure treat nentrdasueoOnctegledent he 20 core is renoved fromthe conposite
tube produced in this way. 23. Process according to Caim22, characterized
in that a core with a fin profile that is the inverse 25 of a fin profile
to be préduczl. onPtdheesnsiadeaafdine tonpbisaire RObhe cbaraseetrgdedntin t he
centrifugally ca b 4. Pr SS: ac li i 2 ,

characteri zed 38&?%{9; ﬁt’a}%gt eg"g:%%g ilsgrﬁopge Esragcn%(ﬁe%c%mrg%&f%% Yube at

| east in part by $RaesNSf etching. 25. Process according to one of Clains 19
to 21, characterized in that 35 - a centrifugally cast tube is inserted

into a nmould, - a clear space which remains between the outer surface of
the centrifuéral | YPEASESS URFERTAYHE HRoulPaSi sOFfi | Féaimft hld podddls - 26
' 10 characterized in that

- 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
15 core is filled with a powder,
~ the centrifugally cast tube 4is placed under
pressure with simultaneous heating of the
powder,
- after the pressure treatment has concluded, the
20 core is 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

25 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
30 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
35 - a centrifugally cast tube 1is 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 placed under pressure with sinultaneous

heating of the powder, - after the pressure treatnent has concluded, the 5
conposite tube produced in this way is renoved fromthe nould. 26. Process
according to one of Cainms 22 to 25, _ racterized in that the clear space

is closed at 10 at |east one end of the tube. 27. Process according to one

of Oaims 18 to 26, cgharaglerigaghiny thak prgssuie ofialekeanlacAS0 bar

is generated for the pressure treat . . 15 28. Process according to one of
Clains 19 to 27, cHaFeeterfzellfR t HdMHHeNsGWMFer Reahbagedofo &Lhe
tenperature of at |esskddbPC. 20 29. Process according to one of ains 19
to 28, characterized.in that the powder is _heated under _an inert

at nosphere. 30. P_rocae@-se]écjgg?dPﬁSSEBrSnErS?t@FQ%WE‘a%qo@%deC{ZIS the
charactefbi zed i n thatompes pressube prediwent iirs tilchs rweg dut namcared nert

at nosphere. 31. Proc r di to one of Clainms 20 to 30, characterized
inthat a plurality %fs&?u }gés) Igérnggd?,o produced in one pressure chanber. 32.
Process according to one of Clains 18 to 31, <characterized in that the ends

of a conmposiie, tubgcid h RdAldihpard) | ehef i Bg pEeduggd sising;a f4 rst 35
part-tube and a second part-tube are twisted with respect to one another.
33. Use of a confd®ia-tebe?ddrit hehehekbhal CépPaEKSRG O Shydh &S dns in the

presenceoof steamt -1&4st Ihe Used off aciconmpasd f e tube according to one of
Clains 1 to 17 for the thermal cracking of hydrocarbons
27. Process according to one of Claims 18 to 26,
characterized in that a pressure of at least
450 bar is generated for the pressure treatment.
15
28. Process according to one of Claims 19 to 27,
characterized in that the powder is heated to a

temperature of at least 450°C.

20 29. Process according to one of Claims 18 to 28,
characterized in that the powder is heated under

an inert atmosphere.

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

carried out in an inert atmosphere.

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

30 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

35 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.



in the presence of steam 5 35. Use of a conposite tube according to one of
Clains 1 to 17 for the thermal cracking of hydrocarbons in the presence of
steam in which the charge mxture is passed through externally heated

tubes wth helical internal fins, char%terized inthat 10 a swirling flow

is generated in the immediate vicinity“of the fins and is converted into a

core zone wijh e LN La 0 i r.easj r agdi | st ance
fromthe fi \rll\gs& 1?9%% g%sm% g?@gﬁsﬁﬁ% 'ttgt%l \gic%%ﬁggfﬁghgcr%ag%eer icgfejdﬁlanﬂ%%at t he
swirling flow takkstap thefdet &&8i ngremaburencking e Hydrd¢amrens 37. Use

according to O aim 3gherpabscebaracteréard in 20 that the circunferential
vel ocity of the gas flow in the fin valleys is greater than at the fin

peaks. 38. Use according to one of Clainms 35 to 37, 25 characterized in
that thesswi3binguée owfabk thepokins tubs accamddngl ecofor2z) dH Ay iny ef erably

of 22.5to 32.5,.with res t t.he tube axi . 39. accordi.ng to one of
Clains 35 to 38, 1%%chlafa€$grit%§d ﬂl}lne%%agt ? aeéHIﬁ%t Sgtsﬁl&ﬁ&rl%cﬁﬁ%&s
i nner-wal | tenperiurtdreovereskace relinfsreace o whechubehés dlessyg han 12C.

40. Use according,{gr@re 9 JAldmw 3&%&19?191ex§§r39i‘igc31%@t7e%d fpddat the
41. Us rdin

isothernms in the core zone are circular.’ e accorc g to one of Cains
35 to 40, characterlhzBalifathdmbH@atel bty eharpsteRigeAndg BBt | ow

increasqg by 1.8 40 & Ny Per1dvEL i ogeh@batebengﬁh-t%- deRedcpas ding to
one of Clainms 35 tp 41, 5 %h%%actferl zed in. t hat the vgl Qcity of the
swirling vicinity o e fins and 1s converted 1nto a core

zone with a predominantly axial flow at increasing

radial distance from the fins.

15 36. Use according to Claim 35, characterized in that
the swirling flow takes up the detaching

turbulence at the fin flanks.

37. Use according to Claim 35 or 36, characterized in
20 that the circumferential wvelocity of the gas flow
in the £fin wvalleys 1is greater than at the fin

peaks.

38. Use according to one of Claims 35 to 37,
25 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,
30 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,
35 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 wvelocity of the swirling



flow covers 7%to 8% of the clear cross section per nmeter of tube |Iength.
43. Use according to one of Cains 35 to 42, 10 characterized in that the
t enperature honogeneity factor over the cross section and the tenperature
honogeneity factor referenced on the hygdgaulic dianmeter is over 1 in
relation to the honogeneity factors of a snooth tube. 15 44. Use of a

conposi te tube acepidi Ag-t0,088 8, €8l w8 2l of & /L7 ddy hiah-d egperatare
applications, in _particular in arotary tubular kiln or a refuse

i nci neration pl antsngth.

42. Use according to one of Claims 35 to 41,
5 characterized in that the velocity of the swirling
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,
10 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.
15
44, Use of a composite tube according to one of Claims
1 to 17 1in high-temperature applicaticns, in
particular in a rotary tubular kiln or a refuse

incineration plant.



