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between fin valleys and fins, which are not

i nconsi derable in the case of internally profiled

tubes with high fins, are conpedsated for the by the
swirling flow according to the invention. This
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35 This laminar flows 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



the circunference of the tube, i.e. between the |ight

side and the dark side, is less than 12C, even though

the tube coils, which are customarily arranged in

paral l el rows, of a tube furnacg are heated or acted

on 20 by conbustion gases with the aid of side wal

bur neysr e ondm Ppposhd et egleshanseihiecé ubeset heref ore

each have a light side, facing the burners, and a dark

side, which is offset through 90 with respect thereto.
ThemhﬁmlnubetmenMaqumerahmseby eirthe diff feRendect that

in the 2 Ejpe ure- o e i @[}gt

t he ar kEisrlI . IealgJ n:‘i'e mﬁcgér na s?crﬁegs]sés andlé e .to
Pheraxfounsd datemeistesS® he foar %M} e e4¥f QheCYEBes.- 5%, with
Thergf ot &, t Q% r efdCtd PRchis s AenABaD £ Ulﬁﬁe”eéﬁbelope circle

tenperature a tube according to the inventio

ej grﬁ01#¢1hlsngv| t khg 30fht cHadfeR6, a HAMR §ht er ﬁg’F Thternal
di ar@iﬁémﬁ’feﬁ&x@e MagndaBsb Ul expergal 28i amdEreof than the

50 e. a difference hei between fi

VaI |%’f§/\§ela9%e”9ﬁrﬁggks ]%f %thﬁF %%Id %\ge elar?:lve profile
1snoot ir twuheenént deasanrptdi anetat mbaSed P at®re§n98% of the
Service. 1655 of ngf@rs’ c\ﬁ%c{iﬁ\f%@%nl%% seenIdfdBihe  the
di agr am present & , results, ‘at _an operat| ng

t enpdi bference 1059003 ﬁfatélﬁl PaC4id@® e RFIFAIng to the

servi{geeht {6nt 0 ARPr OXigEAt Q'a&idao)ﬁ%ar §nternag _stbace area,
tenperature di stribution between th § ht . si de
€sh

nd
the WhER SIRRPSGT (3R Fhr SBOGRG | FBCSShBANLPA FFGS semvelope
1Bs t@ibeléodhdmeneirhe agioagitamtshan mos€i g5%5.toThe2% or 1.05

s vatef 040 5HE ENBOPRCRLME FhForTPeh) ARt the

consi derably narrower fluctuation range for the
profihg 3¢ Vﬁr&@ﬂ?ér et ddrdigy Peof ithR ligUeMEiahe allows a

noti ceable. Aparticul arly expedi ent tgnger at
s

i 5t 3 9BEE] SHOES OEpsadpani KBBH SPPREST s bPhar He PR | Hube in
2® Spiyhathshaee fMwsmide tibeunfiseenvel Ioﬁ othbeprorifglef is at
the flow A.mgre uniform dj ib Lon J

terrpi?ﬁ?ﬁrel@%er FHE ross{ﬂgé‘ercﬁ:tl g% r esul™ tct“@&(—:‘relrlce of the
part eoubdopef dielks cThisnfier eirmnens tedoedt PYi s bgpmparison
up %Eg*vger?x tt:on3 dnd Lhen Eﬁga'sﬁﬁlec‘?ﬂﬁix%hl%/e(ﬂlérhéter and
entire of the tube. Wthawewt h?ewn]% h 1
hi gha@r:@ﬂihngzm §h@i BRME RY §S8UHS v t thgpgame therma
Jdsengt-Bgulihe process according to the |nvent| on shoul d

be operated in such a way that the tenperature

honogeneity factor over the cross section and the

t enper a&mmﬂanmmmmtyaéact of r ¢fher ereeelf blet heircumference
hydr gul.i.¢ g%gmet & is pyer 1 ﬁ@e&l@chw on to-ideidd profile
hormgenel actor of a snoot }1 In this ,
cont éxrcuﬂﬁérﬁﬁﬁﬁgenyﬂﬁiﬁ f HEEBLS tar éodeF fed€pyelope circle

Fool | eﬁcbﬁﬁ"ekenc% "i% moté0 rapd¥ Heatikyp 3@ Hhe ftwarge gas
confi gurat | Cor gnﬁt o.the invention conprising

cor e@fl Bw*E G CETPSE S Hi%eved with a
finned tube in V\,hl ch the flank angle of the fins,

whi h t |
Ofl gl}p%ggslg%gﬁa% C?ﬁ%wco%tc'c%lftag?lﬁar%'b Q%eb:?\%ézle%ﬁ%ﬁon very
fin toaskidemadplyheredutes ohet Mxtalbe, Oig- s tie tbapbnar layer;

 ef raflyel9 19214 A fls@%‘fn%‘%@de szlt‘hh' Y t)(flé@.odlliy vector
partlcular in conbination with a P‘ItCh of fro

Do A5iRer etk pIardothe; SEREes. ehatings RUR: WiBteh reduces

the residence time of cracking radicals and/or cracking
products at the hot tube wall and the chemical and
catalytic decomposition thereof to form pyrolysis coke.
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vall eys. 5 Rather, the turbulence forned in the fin

val lleysaba¢etrendet tiched dnpemathe o | diffankacend lbeeween fin
taken .up by th wirling .fl.ow _Th Wi . I -

[ ndﬁ'g&geal)gt%%gf ?‘ﬁsnsacce 1eérhat %Jégt Elé)%galsrlcpog{r%e]i C %%b%%dm the
| eadmdeo @f hiighernevdyaldrofsllosd t yubdhi wiltkadsialy 4ins, are
fed%%%ﬁg}l%a”cé&eféyb%h@.hgﬁt@het%m&%ﬁ%@eﬂ pdadkseding to
makes the latter nore unitorm as well as making the

b enpdraat dnwemtd orhe F&4iSdehBErepfitSackdSs %H&et&b%tween two
CI 0351806 d v D &3 HY £10IdRs 13y N8 rdd t havithout the

finned tube according to the inventiqQn can be seen .
fr oA 309 ustkavi oRCEP¥S1REbe teg i WREFGEi8Rand®  ™°
t he jaashd alethishar achpersitueepadafiteeeac20 results between

Hydraul i ¢c.di ameter Dh jn R < Dh/.2 -. Fl anked

- FitPhefdht RFERENGEOPERE FA T 84 utshgaglgzil§l +V%|Tglﬁgs' The
1Da=%esiRencenive arfgltha 2BackRadi pyosfuchs veltigle tend to
R= | n; @/ 28k Peztsin - eb PP ELKS vided
ci ngcucgrﬁéerle%cé_héi:P%g :ihAntg%ee cl:{srgt/héé?ogﬁsgﬁgbgngluéodes pre
trianigite elgeala+ipnen nEdpsal FR4PusiR -dgpendent on the
(si WS R chdl Mihei ot ciERend v8&ual Peofthstances.

ci rcunference UD=2 x nunber of fins x nR/180 (2 ~+a) -

Fin surface area FR - Area of the envelope circle
1Fa=naXHe -dXeearwf the inner circle Fi=ll~Di 35 -

Profile area within the envel ope circle FD=FR ~ nunber

of f ins - Profile circunference Up=(1.05 to ,
0.98) ~2I ITee uppdD cTheefshewand the fiRrQakley§:whpcnhritch
are | ocatpege bheiyees thevéi gBowBy be of profile 3: 30° pitch

mrror-synmetrical design jin cross section_and adj oi

one anot HBFE of OWeY FOFHFaSHaYR: i ne wi thPﬁlESCh cas
2bhe sane radii of curvature. The 5 fl ankiahgke3DRepitch.
results between the tangents of the two radii of
curvature at the contact point and the radius of the
t ubeThé n thirvasaseclebelfi nsdemens etatevelyhathal kg higher
fin be %%Qﬁiéﬂkv@w&t@r e fRLghed tor one 8nqlitel 4.8 mm

in suct hat the hydraulic .
high fins is consumeéd within the fin valleys, whereas

fins

25 the circumferential velocity of the profile according
to the invention with a fin height of Jjust 2 mm
penetrates into the core of the flow. Although the
circumferential velocity of the profile 4 with just 3
fins is approximately as high, it does not effect any

30 spiral acceleration of the core flow.

According to the curves shown in the diagram presented
in Fig. 2, the profile according to the invention
effects a spiral acceleration in the fin valleys (upper
35 branch of the curve) which covers wide areas of the
tube cross section and is therefore responsible for
homogenizing the temperature in the tube. The lower

circumferential velocity at the fin peaks (lower branch



10 dianmeter of the profile fromthe ratio 4 x clear

cross section/profile circunference is greater than or

equal to the inner circle of the profile. The

hydraulic dianmeter is therefore7in the inner third of

the profile height. Consequently, the fin height and

t he gfunttes ofirdsd)fi furitherease  assnherel abkbéer nobecomdsilence

gr eat sqQ that the rling flowis maintained in
theaaﬁé) q‘onﬂan m?"g‘#sny required for the action of
the profile. A greater flow velocity (Fig. 2) results

bet\e%ﬁT tfelggutslt?%t%fs I?h}.lgg fﬂéét""]‘b'u@é% 'f@élﬁalﬁe their

a s ‘cl’eanin . toare UCtIOﬂIn
&nmﬂﬂt@,oflrpwm?%lge@‘ék@nt haheps &upesi iaglude (e profile

fi 0 ar g PELAUSed By buird- L&h«@ﬁ@im or TR¥er 'd@)éga’%ms each
I ding using a centrifugally ? t ube, the%}1 \%51 radius
bet v%ééfﬂqalffee i ek v FRETE ’ﬁgerEHB hdes BEELSRt itRT yFube
unchangete SRrikhagiddeahian sred | yghti eide.a zorwoparison of
circle i,ch corres th i nter er. e
of tHE m@ﬁ??F?ﬁ‘ﬁalﬁ%ivecag% ?BSe r?_eg?h\p%g\%gkig%omcﬁlnfference
1Dhatbetwaeares pabtei veadbl ehd i ntlee naendieanesrd dfhe héower gas
tubgs, errép%éﬂzla% of g?éot&]gef WB312aKk§ %%ff'c%'os%"}qoﬂ Ghe profile

achi w con uration according t
i nve?ntjrré)nac%@if@?iﬂ@ﬁewé*é%et%? tpeeRthARd t ube according
to the invention, the ratio of the quotients of the

heat transfer ,coeffjcients quot . of
t he %%S§WF§§'1WSS£‘I§OWP@C %1%% h'éovva%b f@é’?nttlon ensures
1appl yhang emd flucthatabsediw nipet Hereawsvadfl dianparatyre over

andh’%&ﬁ%/ Stlé§?ﬁﬂ?%¥%%'c%3 JW”PEES tglb%en f Oé? a?eﬁween t5he light

nap mxture, 1's preferably
whersi & dendt sbea d‘aniheﬁdlcieubel%néleésdéﬁépe§ 28 Conueen  though

:Ubt he. Tﬁ%e?up@éi(%l gy\iﬂ@{clﬁh&afé nr@gs%émgrﬁﬁﬁmﬁii’fi@nged in
0 invention (profile ar e 0

(pr o??%—’%lb?l ahgvg- fP%né‘d‘f“‘g% Cf\}\’n & G &%aa"ﬁ“eréoa?w%ted on
20pr aby | eohpustivng gdBeh whehr atealaidi st Anse deetwaeslen burners
10thef|nvalles dth a [ [

il u%?}%t pp Slggt a‘;’ p‘?%‘léen @3 ?ﬁet ﬁcu‘%%rghgr%fore each
The mav.eeal ﬂmbhs alfehafecd ng ndeahpnier samn@nyefape side,

cir L&_O[l;%éu LH-bEHR: odfe 99DOh Mrespect thereto The
| n84 5%843 Ot he ceﬁter Tm [CFluid_te

m a@%@% oBbegT2Lethé FRGE FVIEC] %@per%%%#g‘?ﬂ@%ﬁ%\? in the
2%95045884he231. Srendd=dtuden bnCthidormiganei sydéaeindr the dark

; oo'rrkftf;£§lo g%ggatﬁ?%mizfsgggggggéf t LQ%eré*sé‘és HZRE  therefore

Fau
[ n] 0d68800; 0561084 4HoNbgenelife of the tubes. Therefore,

fact pp 1 O H0EH 3k %%Ogﬁér‘ﬁfe%herﬁﬁye Ofletal temperature of a

hydr au i ameter based on thesnooth tubeH m : n
dx/ ~¢)&bedé€Fﬁ>§§|lﬂgcé7cq o ®f 1PVeDYigy Wﬁtinmeslgé’dht%%as “with a

he PydeAubiEC 3dicamet afules idefdrind asidmddomsot Dhyay=dm and a
¢ (oLoRt SLERt 3Tl o Ly il 20! £ Ul S oBEf I Lo in
conpaeabhe beneklent e ard ttdyen aresuf s perlks of 2 mm of 11°
homggxrrlxgia'fgdf %%t o1 gﬁlo%tﬁz%ub?é of the same diameter, based
on a mean service life of 5 years, which can be seen
35 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.



- 12 In the water test, the finned tube according to

the invention gave a heat transfer (QR) which was

hi gher by a factor of 2.56 than the snmooth tube, with

a pressure loss (APR) which wasghigher only by a

factor of 1.76. 5 Fig. 7 conpares three different

pr ofrinlee tteurtgﬂatiumé L@i@tgrﬁbmubmabeowdengthe ftheht side and

e e

The thydmaufoundio igh atriee ed;aghemasha)wnvellroclr"ig, $he The lower

resi e t] t %ﬁﬁ{i.r I r vehd Ofsrpfile 3
eacr}%g)rqeo(iss section. e%ﬁnéf%t arting dat aéaugfe were the oo
Quasanrarad tHe ough®ut SMeAthn 6bbeat i(prafideootln t @l the

“‘tQdﬂ%fﬁ%fdﬂfyrﬁﬁrf%@@PtPIu8fu§§1BH1r&ﬁbéhfb& the proflle
identical to the hydr auI i.c diangter. gﬂt he

si midl AYRIP (SURAFRY it dP PRI S)S HesEYas e iy b Seable.

converted by cal cul ati on to warm water and used as the

basis for the.test the, ratio of he <au nt . :
f or Pthgaﬁéétc%rﬁ“ryan fcgﬁdéﬁﬁtth e%?%sgu\’le Io(gsé %lrﬁuuon 8
10estes tddlh atedderi finthé hesoehermacednhonpge s@iitng If sdtagre from
for | S¢ord NGs difibeEeBy, .

vel ottrpﬁ tcthﬂr%ﬁ spibeﬁjf?g??%?ngt%%rsarre 25 quantitative

t hroughputs at different hydraulic dianeters

(reQiHﬁQﬁ@Juﬂff@imOH§Bt?lbuIBSnC@ED@hbSQ@m@Eﬁdﬁhre over the
velocities for the roflles_LZ and

i derf5QRS} | nSBFbESNsecti®SN b | usltl? at egaéglfﬁiar if  the

1B mpreveshinvidoen t yal a&neeloerlatyl obs abtidesivieneg thime 2 to 3 m
Wth t ubes c h vent| ( ofi : h
e R R Rh k08 LA B ER R Bl ot cne
conpooaat in the ci rcum‘ erential directi on caused by
the swirling induced by the fins, causes the flowto
be 35 detached fromthe tube wal | uces a ., .
hel iWkHy ar i €19y FO RFRISBIRT Phehb%e gegrlgssyleld with a

28ecti@nat el di eﬁaked tuﬁ:m rPéng‘rtith ther pdocesst lecdwating to
from.the, tube wall efI er
di st TRPuiBESTEOR. S& re e %%%hgn |sﬁlfcq{ea T | that the
und| teupeﬁaturbulrmutog‘elrmmmsnﬁ@@horu@é’erpr ohe| €FoFsanglection

? %ﬁﬂ% @@be?%th?ethﬁoﬁgééﬁgﬂﬁﬁ tﬂdﬁ%éf”’f%@%renced on
partl cles

piral directed flow distribute

partt%ﬁe@yrﬁa(?raéﬂi}rﬁféﬁﬁﬁnﬁsrov’e? PH@rchos§nse’6?f%hl°n to the

2whi leohbgenecel er et edr atot he ps&bbkh f kabks (BgucesIn this

the mean residence tjne. _The.hi gher ssur 0s
the PPOFF¥E 3 &l t SOFPSRITA ygl rét :rr entlgg{E Bdditlba  as

vel ofblyowshn the case of profile 1, the cause is the
consi derabl e constriction of the flow 10 and the
friction loss at the large inner surface of the
profile. Begendirng- obTe ¥e/ABkefd al , the finned tubes
saccording to the invention can be produced, fox

exanpl e, fro m a ) . , .
WF flow configuration according to the 1nvention

comprising core flow and swirling flow can be achieved
with a finned tube in which the flank angle of the
fins, which are in each case continuous over the length
35 of a tube section, i.e. the external angle between the
fin flanks and the radius of the tube, is 16° to 25°,
preferably 19° to 21°. A flank angle of this type, in
particular in combination with a fin pitch of from 20°
to 40°, for example 22.5° to 32.5°, ensures that what



15 centrifugally cast tube by the ends of a tube with
axially parallel fins being rotated with respect to

one anot her, or by the inner profile being produced by
deformation of a centrifugally east tube, for exanple

by hot forging, hot drawi ng or col d-working by neans

Of 2@ g Of iiln N@heook inf OVaBXamJI eim floti ng naodeelor less

dr el d wt fi.l :
cor ETOER Y HEATHE phot | 7510 n TUBES A Sumsde £40
of warlilants obebimdli ngheacHiimes flankde &5di nlerdal to the
pr Offci:_lna%%lo tgg ﬁnﬁﬁgllﬁgﬁ‘f@ "E%Es@é?gpl ?Lnf rt?f@ L1 1eys.
e

Pat e machi nes are al So suit
5or Ratégur odukee i burbplaneenhedmedbénasber diimg Vtaélt% become

| NVetd Qe 30 £LBnt rtqleca§§n0ffl|3191§<'sf O iH Nret h:%ken up by the
def ormat1 on tenperature shoul be set in such

t hatSWiHel ¥R r ddOMuct TRl Sg‘flﬁln F§e§8ﬁ’t|:‘arll@§7c%l%stq’yoyéae fins
in thecdratHnedf ke jasermitididacehdantleads to a higher
accordin staII ed t | at er. st age . under

i nf 1VEHT %%f f]%gbﬁ%ra hg ggaagn‘ggr&ure “Fhé resul the tube
10f tidtsals werfipewaguae nedamd crabio uctakes whileh aldygr more
rapi.gd, df(%% 4Si Q. of, Ghr Ogéurﬂlak?‘ileéC%@n@/eﬁbeéla'&@r%unhnd the

thr ou e austenitic matrix to the inner surface of

t he Jtém)?edence 1Zim@he? @ @FE oxtieR ¢ PrloR ecEF VTS | SRFLIQR more
then,dppbehy built up . The fins according to the

invention can also be 5 produced by build-up wel ding;

in this case, it is not possible to forma curved fin
1baseret waepuirbe iofdi witthial f fhmsd botbeat kecoridéng to the

or | gltl'g%a%l rf]g)rfll lﬁEnOfbet he 'Q”%Eo}’é{a'%x ofmiﬂ?s&fjgglbﬁ of a tube

sub Pntai ned T here nner surface
of tegmene am:oerlmg & oaride Fheenefoncshbafd Pageagheristic

vveg%] %&?ét?é?ée roughness; it can therefore be
snoot he

or exanple mechanically polished or
electrolytically levelled. 15 Suitable tube materials
2bor use iny@tauheaedmhmeteraoh i nomman®ASDhicke
al | oys cop; ? g i% ho 0.5% of carbon, 20 to 35% of
chroni um 59789¢5F Ri ckel , up to 3% of silicon, up.
to 1% of RionbhaaphtipHt o 5% of 20 tungsten and

addi L OnSEﬁtze*ﬂege' HAkch it @%eems E@E‘Rleafhh%n@f Da=2 x Ra
zirconium in each case of up to 0.5% and up to 6% of
al uni num Centeygangle «

25 - Radius of curvature R=Ra (sin o/2 sin B+sin «)
- Envelope circle circumference 2IIRa
- Angle in the obligue-angled triangle y=180-(a+B)
- Internal radius Ri=2R (siny/sina)-R
- Fin height H=Ra-Ri
30 - Profile circumference Up=2 x number of
fins x nR/180 (2 B+a)
- Fin surface area Fx
- Area of the envelope circle Fa=nDa’/4
- Area of the inner circle F;=I1-Di
35 =~ Profile area within the envelope circle
Fp=Fy-number of fins
- Profile circumference Up=(1.05 to 0.98) -2IIRa



Patent Clains: 5 10 15 20 25 30 1. A process for the
thermal cracking of hydrocarbons in the presence of

steam in which the charge m xture is passed through
externally heated tubes w th-heliecal internal fins,
characterized in that a swirling flowis generated in

t herhemedingt eanvd cinét ¥iaf vieha efvisnsiiainth i sreohveated between

into,a core zone wWth red I I t.
i ncF88siiid*S a0rdI OF scfénlgérf: ?ﬂfﬂ r%h% éé‘ﬁ%\/&r? in cross
proeessian Gral nethoin chzaemamptbhar axrt errayze@bm ghwave line

the swrling kgsalcqg/ tC%%%S FRet heyfet @%‘&1'19 Ler tgﬂle\;pﬁlpé The

t he ﬁln ftan Focess as clainmed in claim1,
Tharfdetndr i 2rgl ¢ n tihieat mseul:w c@ﬁfté%e@ﬁ’t i By SPggianFof of the

the (gps ié&m' et heuti B uak! eys khedr@M@ict hppiak thed the
fin peaks. 4. process as_clainmed in_one of.clais

1 té‘aﬂl‘u@har%fct etrl'}ezedtlilkﬁet hatft heRiSi r FRRG £ 1 GBCat ERE 2F©

fi n%erllart%v@hansmgll@mf 29nt ohd@ghpr eéledabﬂ/am]f 2hdle ar
ect to the tube aX|

32. 5
;g 2%y Eﬁﬁ?ﬂﬁ ntheTst $3°% 2 Wayacperlze %ﬁﬁ%aullc

10 hatdltalareeﬁdmodﬂathenprnfnhe iFmoet -tk |ratehpet akurcd €ar Cross
gve%ﬁ%qﬁ ol rggf¥engfr %m£gfeﬁege%ssdf%%%éﬁaﬂhégcor equal

&8s as ¢ clai ns
chartact ehiezednngrt hattrt?ﬁ@ i 86t helhfs BFPEhke corqglezoﬁ“é’drauhc

rund%hﬁ%%éf“l%f&ﬁ%régbié Ihetﬁéoiﬁﬁéraiﬁﬁkalﬁﬁdﬁht profile
one O cl al ns to chara er 1N .that
vel G&ightos @%S%W?W?ﬂj { BB b he e SPfnERey pymber of

16i rfink tOnSreaoé kbe dh@;wgi:ramétetmebeuoreeandreheﬁr, so that

remai_ns constant. o | |
one GF€ cFYtFai49% d lfwcﬁgracef e d&?nitﬁh%é aiPedciBn and

vel doitensifty heegwiréd nfo¥ | the caveient @ BRE] P§05F6§s
section after the first 2 to 3 mof the tube length. 5

9. The process as claimed .in one,of é ai_ms to etween the
charBicogeRLed i hl PWatvalns ittehpdF 28ur o‘?ﬁﬁ;}éntesftge v '
2bactpinover the thicossirseedl bayandlebhdihgnper & usel £- cleanlng
hormogepei ty factor referen n.the 1
OTBERSLLL Log! Lol 8 SERIESOIn IS LLIS Mk sroryeis

i FE at| on'to onogenei ty
f actovlse ofthat shwmofiépoabeed10. The process as cl ai ned
in one of claine 1 to 9, characterized in that the

flow velocity in the , .
If the fins are produced by build-up welding or overlay

25 welding using a centrifugally cast tube, the tube wall
between the individual fins remains substantially
unchanged, so that the fin valleys lie on a common
circle which corresponds to the internal circumference

of the centrifugally cast tube.

30
Tests have shown that - irrespective of the internal
diameter of the tubes - a total of 8 to 12 fins are
sufficient to achieve the flow configuration according
to the invention.

35

In the case of the finned tube according to the
invention, the ratio of the guotients of the heat
transfer coefficients Qr/Qo to the quotient of the

pressures losses APr/APp in the water test, applying and
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boundary | ayer at the tube wal

and the flow velocity in the core zone is 8 to 12%
hi gher than in the case of a conparable tube with
straight fins of the sane typez120 11. The process as

clained in clains 1 to 10,

is 8 to 12% | ower
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In this context, the hydraulic diameter is defined as
follows:
section)/internal

Dnyar=4 x (clear Cross

20 circumference;
it preferably corresponds to the internal diameter of a

comparable smooth tube and then results in a

homogeneity factor of 1.425.
25



35 dianeter of the inner circle (R). 23. The finned
tube as clained in one of clains 14 to 22,
characterized in that the ratio of the quotients of
the heat transfer coefficients1@RLQO - 18 to the
quotient of the pressure |osses OPR/ ~Po in the water

testni scHe 4whdet. 5te§\t1;er ehk dehohed a:u‘}jmnedcbntiengncto the
0 denot e%ﬁa snmoot h t 5 24. The f
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diameters (reciprocal relationship).

The comparison of the velocities for the profiles 2 and
3, which are identical in cross section, illustrates

30 the improved velocity, acceleration and residence time
with the tubes according to the invention (profile 3).
For the same hydraulic diameter, the velocity component
in the circumferential direction, caused by the
swirling induced by the fins, causes the flow to be

35 detached from the tube wall and induces a helically
rising velocity over the entire cross section.

The directed, spiral flow introduces the heat from the

tube wall into the flow and therefore distributes it
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35 temperature. The result of this is a fine-grained

microstructure which allows rapid diffusion of
chromium, silicon and/or aluminum through the
austenitic matrix to the inner surface of the tube,
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5 produced by build-up welding; in this case, it is not
possible to form a curved fin Dbase between the
individual fins, but rather the original profile of the
inner wall of the tube is substantially maintained
there.

10

The inner surface of the tube according to the

invention should have the lowest possible roughness; it

can therefore be smoothed, for example mechanically

polished or electrolytically levelled.

15

Suitable tube materials for use in ethylene plants are

iron and/or nickel alloys containing 0.1% to 0.5% of

carbon, 20 to 35% of chromium, 20 to 70% of nickel, up

to 3% of silicon, up to 1% of niobium, up to 5% of

20 tungsten and additions of hafnium, titanium, rare

earths or zirconium, in each case of up to 0.5%, and up

to 6% of aluminum.
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2.

The process as claimed in claim 1, characterized
in that the swirling flow takes up the detaching
turbulence at the fin flanks.

The process as claimed in claim 1, characterized
in that the circumferential wvelocity of the gas
flow in the fin valleys is greater than at the fin
peaks.

The process as claimed in one of claims 1 to 3,
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.

The process as claimed in one of claims 1 to 4,
characterized in that the fluctuation in the
inner-wall temperature over the circumference of
the tube is less than 12°C.

The process as claimed in one of claims 1 to 5,
characterized in that the isotherms in the core

zone run in spiral form.

The process as claimed in one of claims 1 to 6,
characterized in that the velocity of the swirling
flow is built up within the first 2 to 3 m of the
length of the tube and then remains constant.
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13. The process as claimed in claims 1 to 12,
35 characterized in that the gas particles are
accelerated at the flanks of the fins.

14. A finned tube having a plurality of helically
running inner fins, characterized in that the
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17.

18.

19.

20.

21.

22.

23.

The finned tube as claimed in one of claims 14 to
16, characterized in that the fins and the valleys
located between the fins are designed to be
mirror-symmetrical in cross section.

The finned tube as claimed in one of claims 14 to
17, characterized in that the fin peaks and the

fin valleys in each case merge into one another.

The finned tube as claimed in one of claims 14 to
18, characterized in that the fins and the fin

valleys have the same radius of curvature.

The finned tube as claimed in claim 14 or 15,
characterized in that the fins are welded on and
the fin valleys lie on a common circle.

The finned tube as claimed in one of claims 14 to
20, characterized by a total of 6 to 12 fins.

The finned tube as claimed in one of claims 14 to
21, characterized in that the hydraulic diameter
of the finned tube is at 1least equal to the
diameter of the inner circle (Ri).

The finned tube as claimed in one of claims 14 to
22, characterized in that the ratio of the
quotients of the heat transfer coefficients Qr/Qo



1094& ()- ! 10%:& ()-

109%4& () - a2bbcddddd| [ NAAO#10#10#10# | 54" 10%& () -g

[ 109%& ()- & 10%& ()-@"!10%& ()- @ '

+109%#& () - f ddeeqf f #g{ ZONA4O#101B&3 " 10% f #\ & () -
Biggg;gg&f() d* "1090f #D& ()-! "10% 6t 6& ()-

' W#&ﬁ& éggrt@iei' FeEsNAG0#D@s e84 APR/APy in

"}O@ﬁ#&fiﬁ 0%f #e&', Jﬁ%%f@g#\&hg} F v/ R

3" 109Kf #E8e( W FER" 1650 &'3() e R denotes a
"10% f #\ &' Ghel jriubig 'mwumo%s!alm (Qube .

1099#9& () - f f FML000#08! () - 10f #10f #10f # +F 91096 #& () -

*34 "10%08& ()-KEl | mmm n| [: vU40# 53" 10%¢& () -
%ig%%ﬁggﬁ??—fxﬂﬁ%ﬂitgbe as 104p19ed( ingawme "abogkaips@é to

1

&810%#&'83 éﬂﬁf%g§%¥$%§@pi%N%ﬁg%ogﬁé??$wﬁus of curvature
" 1090#98& (R)- 9F THEOUHHE ( :Wtr%ﬂfﬂl[s NafD#a 20 mm.
"10%8& () - @|&Mm%mw) @ "10%& ()-s h%
" 10%#0& Tges 9810%+&: () - , . .
yY: 26%te: r@kﬁﬁ%ﬁtﬁ?é NAS0Z1G1meE ipoghe (§Tycygims 14 to
1010%#& ()ay, " ESardOUERL £od Qe fi0%%keighE) -@)” of 1.25 to

"10@&&f() " "10%t& () - @iquu( V) v¥v+v2vvvU40#
9109/BH&& ™ . 109@#8& () - LO#10#10# |  9109%t& () -
"&gf 10%#&'() g 124" 10%#& () - gvv?2www?xx| [ : vU40# w
n 1 & L -
O%T;{Jre&,xz L llom#&&;%lall%é%a (I &né LOYR#&Zifs- 14 to

" 100/:#&' ()25_, @r@gg&rﬁe wid tﬂ%}%& %1{1@ §le§6%\g§£§5( )s:ection
154" 10%& f)ehin %Q@i@pﬁdfﬂé\bbﬁmb teeadicegy (@Pr" amounts to

5;?39|PEB§§?C %§$ad£ %d 5%a7§$§9ﬁg égé%op§FF§gb@Q (Fa) .
"Headi ng 93] c"A "Default Paragraph Font>E$P+2CO>E. K
27 . The finned tube as claimed in one of claims 14 to
26, characterized in that the profile area (Fp)
20 amounts to 40 to 50% of the annular area between
the envelope circle and the inner circle.

28. A process for producing the finned tube as

claimed in one of claims 14 to 27, characterized
25 in that the ends of a tube with axially parallel
fins are rotated with respect to one another.

29. A process for producing the finned tube as claimed
in one of claims 14 to 27, characterized in that
30 the inner profile is produced by deformation using

a profiling tool.

30. The process as claimed in claim 29, characterized

in that during the deformation the micro
35 structural grain is partially broken up in the
region of the inner surface.

31. A process for producing the finned tube as claimed
in one of claims 14 to 27, characterized in that
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32. A process for producing a centrifugally cast tube
5 as described in claims 14 to 27, characterized in
that the inner profile is produced by electrolyte

removal of material.

33. The process as claimed in one of claims 29 to 32,
10 characterized in that the inner surface of the
profiled tube is smoothed.

34. The use of a centrifugally cast tube for the
production of the finned tube as claimed in one of
15 . claims 15 to 27.

35. The use as claimed in claim 34, wherein the
centrifugally cast tube consists of a nickel alloy
containing 0.1 to 0.5% of carbon, 20 to 35% of

20 chromium, 20 to 70% of nickel, up to 3% of
silicon, up to 1% of niobium, up to 5% of tungsten
and in each case up to 0.5% of hafnium, titanium,

rare earths, zirconium, and up to 6% of aluminum.

25 36. The use as claimed in claim 35, in which the alloy
contains, individually or in combination with one
another, at least 0.02% of silicon, 0.1% of
niobium, 0.3% of tungsten and 1.5% of aluminum.



