2 3 JAN 2007 Process and finned tube for the thermal cracking of

hydr ocarbons The invention relates to a process and a finned tube §3ﬂgm2mﬁ
thel thermal cracking of hydrocarbons in the presence of steam in which the
charge m xture is passed through externally heated tubes with heli cal

inner fins. 10 Tube furnaces in which a hydrocarbon/ steam m xture is

passed through series of individual _or meandering tubes _(cracking tube
coils) at tenperaficeess agwhbvelynat twaefer o Refbermgilsicagmcking of

chrom um ni ckel -steel alloys wth a highJ@sirsiance to oxidation or scaling
and a 15 high resistance to carburizafion have proven suitable for the

hi gh-tenperature pyrolysis of hydrocarbons (crude oil derivatives). The
tube coils conprh&e inwaridical | Yel HRBiSNG; 0 SkI di:gited sibangect | @gasneld clulss e
connected t onﬁ anot her vtia U—;sJ;aped tgbe ben olrayair{e 20 arranged itrh
paral l el with oh@® an&tfer :“H%Phr e“hEGEMTY  (fdat e PREFRE™Si d ot <

si de-wal | burnersesedcen sbnesteases ahsowviith - ttiee ai chaf gdotniont bue nerss and
therefore hav is as ' [ in r : what
is known as a %%%Q%?detﬁmﬁ%ﬁ i%g%%#lgg%l%yd’g%agggw ?‘ﬁ}g?%sgg{cwt ﬁheerleltaéolafjl i.e.
runs in the dirgeeévnisns.the rows of tubes. The nean tube netal -
tenperatures (TMI) are in sone cases over 1000C. The service |life of the
cracking tubes is dependent to, 30 _a very significant extent on the creep
resi stanceldnd T¥he ERABRGESat £Bn VHESTSt &n &Y ATAR TR T HATR oREHG UESt 665 of
the tube materipissédcehebabhf aehdred o¥f thedLokangl bat eeanddritite wied h of

| f bon_deposi t .ysi k the tube | o S |
addi tion 35 to [E"TyPaCof- Hyfir 604r Bans™ s GETHHEF CHAERI g GASCT Penbar 4 ur e

in(the regi on chadée fizrorer heslt -y sttt | shriamowm-asi ¢iel opeeat | gl loys
severity, V\’h'Chﬂfﬂqc‘?{alﬁiéﬁ'eresistaﬂce to oxidation or scaling and a
15 high resistance to carburization have proven suitable

for the high-temperature pyrolysis of hydrccarbons

(crude o0il derivatives). The tuke coils comprise

vertically running, straight tube sections which are

connected to one another via U-zhaped tube bends or are

20 arranged in parallel with one another; they are usually
heated with the aid of side-wall burners and in some

cases also with 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

, 25 SC° with réspect thereto, i.e. runs in the directicn of
(;4 the rows of tubes. The mean tube metal temperatures

(TMT) are in some cases over 1000°C.

The service life of the cracking tubes is dependent to
30 a very significant extent on the creep resistance and
the carburization resistance, and also the coking rate,
of the tube material. A crucial factor for the coking
rate, i.e. the growth of a layer of carbon deposits
(pyrolysis coke) on the tube inner wall is, in addition
35 to the type of hydrocarbons used, the cracking gas
temperature in the region of the inner wall and what is
known as the operating severity, which conceals the
influence of the system préssure and the residence time
in the tube system on the ethylene yvield. The operating



i nfluence of the system pressure and the residence tine in the tube system
on the ethylene yield. The operating 2 3 JAN 7007 2 severity is set,.on.the
basis of the nmean outlet tenperature of the cracking gases (e.g. 856k§JAwﬁ®7
hj gher the gas tenperature in the vicinity of the tube inner wall above
this tenperature, the nore extensive 5 the grawth of the | ayer of pyrolysis
coke becones, and the insulating action of this |ayer allows the tube

met al tenperat usederimer ease sétllohurther. pAktBough the mean ofutlet
chrom um ni ckel -steel alloys containing_0,4% of carbo over % 0

chrom um and ov&e%ag\fu% cl?eflo, LC%@ fS?a‘é&éﬁﬁl e BEGE of Ekf:h?om’ Tk, g1

ni ckel and if applepriche d¥softemipehriatnrd hah ahe usediraiscy ubg tihmet eniba
have a hi gh resi.stance carburizatign,_ the carbon diffuses i t ube
wal | at defects 1intr?etrhewgg>1<i Eéqua%/e?%hﬁhetreénﬁﬁr?%%ﬁ%’ t%’lh(?onrg?%%r %%(I%eetn%gve
carburi zati dn whitch caewiloant e caban cbnpembd yefis feone 1Betomd% agngal |
depths of 0.5 t g LS sl at hi:n C i.der i 4t Lepent
of the tube na?g%ia ,S%??EIF%% ??ggggf %fa?%”?%r%%?%gh ?%i§ﬁ§ e&g%t g%
fluctuating them®dal ohEBPeratpaet i €@l ancwesse hati2d firmdeer i sABéhpgeh

started up and shd demwrmilen i eakedovpethe ga5bos depasitsiiheokionak opft he
tube inner wall, it is necessary f rtggackjn operation to be_interrupted
fromtine to tiﬁ@rgﬁHLfo?VFﬁe:¥§?oPgsi FEEkeSRG RV BUr 1P %i h PREXEd of
a steani ai rLoni xtiwre. exéhipd o eqBRr esfopehabtmOamt 0 HB%i nber rmbptlesl f emdip itto 36

hours, and therefogre has .a c i der abl e adverse, effect __on._theg econoni of
¢! & consi der gL 18 ecanonlgs

the process. 30 PR % 0 kriown roﬁ?%ﬁ?i%@ént 786t 0"GsE cracking

tubes with i nnemaftigys.alAl havaghe i hieh friess sofande stoypmrbwsigatienanthe
i nternal surface aies whi ehubsca 9AQY LAY NBSCeRha il Ofr exRBIR10% Lacger,
W tth a correspondin , )
oxide layer, where: it leads to considerable
15 carburization which can amount to carbon contents of
from 1% to 3% at wall depths of 0.5 to 3 mm. This is
associated with considerable embrittlement of the tube
material, with the risk of crack formation in the event
of fluctuating thermal loads, in particular when the

20 furnace 1s being started up and shut down.

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 &nd for the pyrclysis
_ 25 coke to be burnt with the aid of a steam/air mixture.
(;4 This requires operation to be interrupted for up to 36
hours, and therefore has a considerable adverse effect

onn the econcomics of the process.

30 It is also known from GB Patent 969 7896 to use cracking
tubes with inner fins. Although inner fins of this type
result in an internal surface area which is a good few
percent, for example 10%, larger, with a corresponding
improvement in the heat transfer, they are also

35 associated with the drawback of ‘a_ considerably
increased pressure loss compared to a smooth tube, on
account of friction at the enlarged tube inner surface.
The higher pressure loss reguires a higher system
pressure, which inevitably changes the residence time



i nprovenent in the heat transfer, they are also 35 associated with the
dr.awback of a considerably increased pressure |oss conpared to a SnDZ%h
tube, on account of friction at the enlarged tube inner surface. Th JAN 2007
hi gher pressure loss requires a higher system pressure, which inevitably
changes the residence tine 2 3 JAN 2007 3 =mand has an adverse effect on the
yield. An additional factor is that the known tube materials with high
carbon and chr amdinheentant sdcansao didrger be phef i)esh @ by zeolaidoricmeg, for
exanpl e col d-drawing. They have 5 .the.drawback .t hat their deformabil.it
decreases gr eat th(gIé tJh% h%%trstehnegt ﬁcl}?%s%%?s % ?o‘fntghhihg t ube
met al t enper at washof , ahdr Examplw; opnteniH5S5EEn mhi thmaee desipmbiicad t h

regard to the ghhnylene yiahd, re‘}gz{i BYakh, ?e”sc‘?o%»89%?55‘!9%1'1%\63% e

tubes. However, "10 'si'nce centrifugally cast tubeés can only~be pro with
a cylindrical wie, K dspebrgk Shapi nggyocissesnalpelirpqdiecegasiesr aseaide

removal of materd akyRy net e@ﬂ&@%ﬂyﬁe%gegni 0L @:Ia%ha,Péﬁg ! ghag prpcess

if internally finned tubes are produced. 15 In view of this .
background, the&YiRReREEEA ItEMPRIET WES the pEEBl ERABPITpreni /g tHH0°C,

econormi ?:ls 01;] t h@éidqe[)aﬁbh d@s&@ﬂ@ﬁﬂlga_ szilﬂydf:@géfkﬁo% iztghérﬁéuhgg_eh@r REGas W th
ext er na Yy eat e t ubes avl n ell Ca I nne | . 1S, 0 ect 1Is

achi cved by a FIORESCRG GHPCHSE SwidTiiig TG TE GeRbr SEEFSn HHEVeT

i mredi at e V0 ci irycof cdriter fiuwga iy preefsar abluipped ceatir i dugeal 1lye castodudssl and

this swirling fl.wi r jnt co | 5 i.na
axial flow at i"‘Lnlgér,Yéaéi %Sﬁ\régﬁ{lrgl%é&i s‘?%%%:é Eﬁ? é%%?' h\ég}#glbn%l&TﬁgB? rggng]éE i@'t P%ﬁiy
bet ween the outedzoned. wi thorhe ewerpiag frewoand t hefcor @ateye adi t hbhe

<'! electrolytic machining or a shaping welding process if

internally finned tubes are to be produced.

15
In view of this background, the invention is based on
the problem of improving the economics of the thermal
cracking o¢f hydrocarbons in tubular furnaces with
externally heated tubes having helical inner fins.

20
This object is achieved by a process in which a
swirling flow is generated in the immediate vicinity of
the fins of preferably a centrifugally cast tube and
this swirling flow i1s converted inteo a core zone with =a

25 predominantly axial flow at increasing radial distance

(;5 from the fins. The transition between the outer =zone
with the swirling flow and the core zone with the
predominantly axial flow is cgradual, for example
parabolic.

30
In the process according to the invention, the swirling
flow takes up the detaching turbulence at the Ifin
flanks, so that the turbulence is not locally recycled
in the form of a continuous circulating flow into the

35 fin wvalleys. Despite the obviously longer distances
covered by the particles through the spiral paths, the
mean residence time is lower than in a smooth tube and,
moreover, more homogenecus over the c¢ross section
(cf. Pig. 7). This is confirmed bylthe higher overall



predom nantly axial flowis gradual, for exanple parabolic. 30 In the
process according to the invention, the swirling flow takes up the 3 JAN 7007
detaching turbulence at the fin flanks, so that the turbul ence is n(;t
locally recycled in the formof a continuous circulating flowinto the 35
fin valleys. Despite the obviously |onger distances covered by the

partl cles through the spiral paths, the nean residence tine is |ower than

in a snooth tuberacityorieovehe m@iﬂc&igén@&uwb‘vﬁr stherlcr dssodédei on

(cf. Fig. 7). Thigyhs-gqntiyg n@ﬂebuﬂ@ mg ers@é’ﬂ&‘%& 23 S‘JA%%QQZJ(EV@J joci ty
in the profiled tube wth swirl_(profil ‘ to'the tu
straight fins (QFo¥S| éS2)Ensumfs 3 w&ﬁ@dﬂ@r paft i@ agvwitlime $hior iidy

flowin the regim obotbe fdmsries Ehgsfigns s atnan apgle: 0hnS a%%lteocﬂfp
for exanple 25 to 32.5, _with respect to the tube axis.

r ef er abl
t he process cdf%ll n§°t & @/%e lffWerﬁ’F%FPl? héoheatpr§ﬁﬁﬁﬁplyv\kﬁ5chti3néﬁ t5a°bl y
differs over theyittberedPectreontreenceebatieen the |ight side and the dark
side, is conpensated for in the tube wall and the tube -interior, and the
heat is rapidly dissipated inward to the core zone. This is associated with
a reduction in Irhethieskpobckssal aover fieayi rtg:ofthteheipvenewngast}ae te=a 115

tube wall, with %ﬂﬁﬂ}gsul tantf or %telvgrga fla/pyrgL;f%le?_, co '§e

Nbr
thermal | oadi ng tube ~ Srat efi al on-accoun t('aiq%enperat ure
conpensat i oh0 betmvmf@rmgﬁtb@tweandmhél@w side, an@\hi:bﬁ Keadr Iseieie t he

service life. Fijnal lgomidhddiee@0 A50CESS aGROr divie t q.die iduentinn, dhe
terrperature is .also nade nore uniformover the tube_cross section,

resulting in an iTHFVE ofBRi (FDf dIRRT The FERSIGHM A1STHPRTEL ER¥AYG (Hout
thfjradla| tenpestad ut@re zone. This is associated with a reduction in

the risk of local overheating of the process gas at the
15 tube wall, with the resultant formaticon of pyrolysis
coke. Moreover, the thermal loading on the tube
material is lower on account of the temperature
compensaticn between the light side and the dark side,
which lengthens the service 1life. Finally, in the
20 process according te the invention, the temperature is
also made more uniform over the tube cross section,
resulting in an improved olefin wvyield. The resson for
this is that without the radial temperature
compensation according to the invention 1n the tube
25 interior, over-cracking would occur at the hot tube
(;J wall and recombination of cracking products would occur
in the center of the tube.

Furthermore, a laminar flow layer, which is
30 characteristic of turbulent flows, with a greatly
reduced heat transfer is formed in the case of a smooth
tube and to a greater extent in the case of fin
profiles with an internal circumference -which is
increased by more than 5%, for example 10%, by fins.
35 This laminar flows leads to the increased formation. of
pyrolysis coke, likewise with a poor thermal
conductivity. The two layers together reguire greater
introduction of heat or a higher burner capacity. This
increases the tube metal femperature (TMT) and



‘conpensation according to the invention in the tube 25 interior,

over-cracki ng woul d occur at the hot tube wall and reconbi nation of 2 3JAN 7007
cracki ng products would occur in the center of the tube. Furthernore; aJ

| am-nar flow |layer, which is 30 characteristic of turbulent flows, with a
greatly reduced heat transfer is fornmed i-nghe case of a snoboth tube and
to a greater extent in the case of fin profiles wth an internal ,

ci rcunf erence whicdraspondinehgedhbytamee thhag 5% cflor ied@npl e 10% by fins.
35 This lamnar flows |leads to the increased formation. of pyrolysis coke,

li kewi se with a poor thermal conductivity. The two | avers together require
greater introd{ite obnvknhéan cavel ds ghédsburnevicapaci ¢f. the sfathcrdwges

t he tube netal ttq,{g)er'%#{gef %Wéuxﬁ‘f‘é’rgnge‘]wfzoglgﬁi gpggggﬁgsp%ﬂ(@)ﬂ%\{}%hgy B9

shortens the service |1 e Invention avol ds y virtu e fact
that the irher agiqwuhf efeds® tof Sthe foof ¢kemahduritts ©d <Yy oand%at wWist

5% for exanpl e 4% u-even 3cp% WM Eibhespertet 0ot he 1l r fergince Qf-cbike
envel ope circle touching the fln,valleﬁg. However, the internal .
ci rcunference nmaPEEEdDe Gt o D98 sn¥EReEYEhan EREEVBRVel 0P ci RATETTET

ot her words, theinehatisertof Mag 1816br gt epence ampushslleratthdst thed5
to 0.98% of the en\ﬁIeI ope ci rgl e grcu%erence. Accg#di nIg?I%/ tthe di fff. rence
in area of the Pprofii® % ube™5e€or dithg®FBSFhd O RrentPEn: T T2 1Y T s FE&d-Sut
i nternal surf aceiaremfengride r espentst d@ stooblstt Ubed havond t9% enteltdpe 15

circle dianeter, :ﬁrga to st +59 - 2% 1.0 - i mes e
area of the smoot t#ﬁe‘%S Th%f%cd e pr(():?[él)ctéﬁaf&%g;n |en'g t??%grgﬁgg%%i’on é:?n] ows

a |ower tube delisifiarqnas Mn ceappar ed tdeariofnde tubee i accopdnbchiot fae
inR?Tnal ci rcunfierenge &, the Profiile nsidt out internal surface area,
with respect to a smooth tube having the envelope
15 circle diameter, amounts to at most +5% to -2% or 1.05

to 0.98 ‘times the area of the smooth tube.

The tube profile according to the invention allows a

lower tube density (kg/m) compared to a finned tube in
20 which the internal circumference of the profile is at

least 10% greater than the circumference of the

envelope cirxcle. This is demonstrated by a comparison

between two tubes with the same hydraulic diameter and

accordingly the same pressure loss and the same thermal
25 result.

A further advantage. of the profile circumference
according to - the invention (relative profile
circumference) with zrespect to the envelope circle

30 circumference is more rapid heating of the charge gas
at a reduced tube metal temperature.

The swirling flow according to the invention wvery
considerably reduces the extent of the laminar layer;
35 moreover, it 1s associated with a velocity vector
directed toward the center of the tube, which reduces
the residence time of cracking radicals and/or cracking
products at the hot tube wall and the chemical and

catalytic decompositicn thereof to form pyrolysis coke.



| east 10% greater than the circunference of the envelope circle. This is
denonstrated by a conparison between two tubes with the sane hydraul&% N 7007
di aneter and accordingly the sane pressure | oss and the sane thermnal 2@
result. A further advantage of the profile circunference according to the
invention (relative profile circunference)éw-th respect to the envel ope
circle 30 circunference is nore rapid heating of the charge gas at a
reduced tube neflal &éapeiatur ethFha awpatatng ¢ | dwidecandieny tettveen néenti on
very considerablyreducasqt g ext apt; of Lbe LA nan Layeke, 33 OTLOKRE, !
is associated with a“velocity vector directed toward the center of the tube,
whi ch reduces €ERé&¢r xf déREETRRAB YofPEY Beketg tibgiScarstianbiieh ckaeki ngre
products at thechabdidhe ceal fo@n@hteh%&@h%HbC@wi%C!Lng?anﬁb%t | £ Hec@ImPsthi on
thereof to formpyrolysis coke. 2.3 JAN 2007 6 |In addition, the

t enper at ur e i f FBfendBEePEiMBen TPAS vARCEGESERd FiRs, CwRechPEEweRsE two

i nconsi derabl e kBxeheemeasa ofodaLringld v yuald | etedubesaw thibhehtefi 6Be are
conpensated for the_by the smﬁrlinE fIOM/accordiqg to.5 th%.invention. Thi s

i ncreases the tF’WérBéE\g\ﬁeenﬂt% B5k8T FefBvalt Dperati onBVEEtG Y equt r eBOt
Wthout the swinkingitleowhdeacotedmpgribaittee dhfépticane arnetil tisncbaswdenabl e
tenperature differenge resul we t i npe d. t of e
fin valleys. Thte:?1 0 f%%i é%%%étgﬁé o?g?héﬂg?%c anéﬁgogﬂ%%sQﬁﬁﬁ%ﬁﬁyengﬂgo
coke is shderrenithoceastimt ofackisgcrapksnpr ovicbbts wvhilkdl iteend i haer

fins. This is depgadent oipither Bat whie daddiecfi psabRible J\kyi gualigea
circunstances. 15 in the diagram The upper curve shows: profil e 6: 11t:3hg|tch

The niddl e curvE*&howdelprseti| énger3ofppeech This 1s dependent on
(". nature of the fins in the individual circumstances.

i5 In the diagram:

The upper curve shows: profile 6: 16° pitch

The middle curve shows: profile 3: 30° pitch

, The lcwer curve shows: profile 4: 3 fins
20 with a 30° pitch.

The curves clearly demonstrate that the Thigher
circumferential wvelocity of the profile 6 with 4.8 mm

high fing is consumed within the fin valleys, whereas

25 the circumferential velocity of the profile according

(T, to the invention with & fin height of Just 2 mm
penetrates intc the core of the flow. Although the
circumferential wvelocity of the profile 4 with Jjust 3

fins is approximately &as high, it deoes 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 Dbranch 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



The | ower curve shows: profile 4: 3 fins 20 wth a 30 pitch. The curves
clearly denonstrate that the higher <circunferential velocity of the géoJf'Nl EU?
6 with 4.8 mm high fins is consuned within the fin valleys, whereas tA g
circunferential velocity of the profile according to the invention with a
fin height of just 2 nm penetrates into thé core of the flow Al t hough the
circunferential velocity of the profile 4 with just 3 fins is approximately
as high, it doe§indtieef§eEreany IIGrepmese acketerati 6Ha6f thhetéégélﬂ‘éﬁ/

Accordi ng to thgpnguhues-shewe idgrdhye. di agram presented in Fig. 2, the
profile according to the invention effects a spiral acceleration in the fin

val | eys. (upper 35 branch of the curve) which covers wi de areas of the tube
cross section amdgi.s3t hfIEiﬁQtﬁalt%SpofﬂS'r@ée dert hammegeni zhaguﬁh@gt ethetat ure

in the tube.. The_| ower,_ circunferential | oci at. t.he pea | [
branch 2.3 JAN 867 3™ G S CUTVeL { LREREr MUFED RS (Har ReOLiTe
turbul ence and3bacicddmiisomccur. Ebhg 3invdnistomt esThIareei:Imamtubeeach

ol uding Chel r pBifate. il crssesEEL Ono-Lhese LUBBSd Nelaidg bhe. paotl | e

3 according to the > FaventTon eac erature
profile across Phe thibedpulli tﬁsld%naflﬁe tdw kisgde @ridiq hed| |C<§>ﬁtp@1<fé3n J ek

conparison of the Cﬁzaﬁj%sr%\éeé@a%st h@héo%éxe”%ﬁlﬁb&‘é%u%ff&i?f‘é@eﬂ@e
bet ween tube wall and tube center. and .t he | ower gas nperature at the tube

wall in théClcasBebPeehe Hiei M1l PRAaERHafEE R ha?t‘ﬁe thivedoMsy. TRe

swirling flow ageppdiragute he iHwenibONwveNSUL /S théd deliad dhecHié ustomtien in
the i nner-wall Be. erature over tr}ie t i rcunf erence of the tube, i.e. between

the light side’afd PRE°GEFKS qe Ls¥YHAR92C, even t hough

C

The swirling flow according to the invention ensures

15 that the fluctuation in the imnner-wall temperature over

the circumference o©of the tube, i.e. between the light

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

the tube coils, which are customarily arranged in

parallel rows, of a tube furnace are heated or acted on

20 Dby combustion gases with the aid of side wall burners

only on opposite sides and the tubes thereifiore each

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

 which is offset through 90° with respect thereto. The

mean tube metal temperature, i.e. the difference in the

25 tube metal temperature on the light side 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 tenmperature of a

tube according to the invention with eight fins with a

30 pitch of 30°, a tube internal diameter of 38.8'mm end a

tube external diameter of 50.8 mm, i.e. a difference in

height between fin valleys and fin peaks of 2 mm of 11°

compared to a smooth tube of the same diameter, based

on a mean service life of 5 vyears, which can be seen

35 from the diagram presented in Fig. 4, results, at an

operating teﬁperature of 1050°cC, in a calculated
increase in service life to approximately 8 vyears.



the tube coils, which are customarily arranged in parallel rows, of a tube
furnace are heated or acted on 20 by conbustion gases with the aid of\zfjgf
wal | burners only on opposite sides and the tubes therefore each ha N 2007
|ight side, facing the burners, and a dark side, which is offset through 90
Wi th respect thereto. The nean tube netal-tgnperature, i.e. the difference
in the 25 tube netal tenperature on the |ight side and the dark side, |eads
to internal stre&seeswm;dmtrbeme@rc‘a tdeﬂ:ﬁfﬂﬁida'esbémaéﬁrvhéelhig&ﬁ ofi deheand

tub Th f t t th tub t

{ubos. Therel of &c ek eduet! ) i tean Lubs el al Lomperative of 2
tube internal ditameber fofurd8. Bnmphandiiggtaheskrter nal ¥iameber Thfe SIDv&Jmn
i.e. a differencg, \lﬁﬁl t B(gj_:egh‘trh?et %@ﬁﬁg%r&%gl I gyﬁ,v%nd fIlJ‘I &%Sﬁ serV| ce 11

conpared to a srpot o] he "Sa i"aimet er, base
life of 5 years,cogpaie@antbe $&en 3ZAqGm tthebeli a@baﬁfpleseﬁt)ed ant Fitghe 4,

results, at an &H%?&éf‘&bi?”ﬁ%&%%%e% Cfflxﬂcoé%ldﬁ‘ Paﬁ&é‘?%%t eehe INJGARE 1N

service life to approximte ears JAN 2007 8  The tenperature
di stribution bet%é"e‘ﬁf‘t’%ecpi“@ﬁ%’egl ge 5#& ptrﬁélé@r@ I e GiT ¢ et hFeable.
profiles shown in Fig. 3is to be found in the diagramshown in Fig. 5. The

| oner |evel of the tenperature curve for the profile 3 5 .o red. to the
smoot h tube (prdti P& Hf ﬁ?é W%%bltf“%ﬁl?%%ef I%{%%%W?%ndes f or
the profilel0d3 asiebTimipadedit alichd sprdfddmes Tourire arephobilcedspe from
particularly exq:q,gé eNlyd emgﬁégt Hf%?ldit%t Kci,h%“tc g,ré |O% 19 6 S#ﬁ?lyl shed if the

ape from the tu 0

isotherns run in a spiral 5& S rmer Wl the core of the
flow. A nore uniformdistribution of the tenperature over the cross section

resghts in partiZyl@feifnt B8rmlaiGawierentdal cvel 0chbyrbsubd It d4P Md hin
2te 3 m CYOSS section results in particular if the
15 circumferential wvelocity is built up within 2 to 3 m
and then remains constant over the entire length Qf the

tube.

With a view to achieving a high olefin yield with a
20 relatively short tube length, the process according to
the invention should be operated in such a way that the
temperature homogeneity factor over the cross section
and the temperature homogeneity fa_ctor referenced on
the hydraulic diameter is over 1 in relation to the

25 homogeneity factor of & smooth tube (Hg). In this
(_ context, the homogeneity factors are defined as
follows:

Hoo [-1Hpe = AT dx/ATx o
30
The flow configuration according to the invention
comprising core flow and swirling flow can be achieved
with a fimnned tube in which the flank angle o0f 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 259,
preferably 12° 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



and then remains constant over the entire length of the tube. Wth a view
to.achieving a high olefin yield with a 20 relatively short tube |en

the process according to the invention should be operated in such a 5JAN 2067
that-the tenperature honogeneity factor over the cross section and the
tenperature honogeneity factor referenced ene the hydraulic dianeter is over
linrelation to the 25 honogeneity factor of a snmooth tube (Hcnm). In this
context, the horogemetsy factors driet defdlned=as idf olnbcuvvs= Hoat €JHO9mM =less

ATO dx/ LTx" dO %%J@fnabagv Cgp&%@t' @R accopd &%s{ n@&“%

conprising core ow and Swir IFfow can be achi eve finned tu e
in which the flafklhfgte dEhims f‘ﬂh% fhiich faeaksn eaeh cégédéontﬁ%udﬂse

over the |ength 35-pitfohube $eHdARarl e "It €xter nal, angl & hetyeen.fhe
fin flanks and the radius_of the tube, is 16 to 25, preferably 19 to™21. A

flank angle of tHsPeypethen tuﬁm%e&ﬂearfqm“%n@il nBPeoh i f"ﬁléqysn BRI of

from20 to 40, dofaexaaplfaodd. Bhéo £32 5f 1 £Meer end hate Whakes &JldAMyZQQYe 9
results in the fin valleys.is not.a nore | ess an nuossvvlr flow
Wi oh returns t LTI S oy T el HGT LTS reY | IR FRndEPEo s

formati on of undest¢ebdtecetwier gfasi npbdheitiesvadih@yd.ezRathera tlhe_:yher

turbul ence forne I | e e h f he fin fl
and are taken uqu)éﬂ?#.' vg\!}\n r}{%k %fsm% %ﬁgedsss\ﬁ ?gegg?g{;g?ﬁé géld tgjyet i ns
accel erat est®he mabartempesaandel. eadsdt oaashi ghekesovérs | hedltord t yiorFhi s

leads to a redugidofnin, th@ﬁ“&@ﬂ°a@“ﬁék&ﬁ egﬁéur@emg@pa@ﬁgg@ nkes e

| atter nore unifor as nmaking t enperature and
resi ence time acros§ the tube cross sectlon more

<“= uniform.

15 The nature of the finned <tube according to the
invention can be seen from the illustration of a tube
segment in Fig. 6 and the =asscociated characteristic

parameters

20 - Hydraulic diameter Dh in mm, Ri<ph/2
- Flanked angle P
- Fin height H
~ Envelope circle radius Ra=Ri + H and Da=2 X Ra
- Center angle d
25 - Radius of curvature R=Ra (sin o/2 sin B+sin o}
(;' -  Envelope circle circumference 2IRa
- Angle in the obligue-angled triangle y=180-{c+f)
E Internal radius Ri=2R (siny/sina)-R
- Fin height H=Ra-Ri
30 - Profile circumference Upy=2 x number of
fins x nR/180 (2 B+u)
- Fin surface area Fy
- Area of the envelope circle Fa=nDa’/4
- Arez of the inner circle F;=I'Di
35 - Profile zrea within the envelope circle
Fp=Fp-number of fins
- Profile circumference Up=(1.05 to 0.98) - 2MNRa



resi.dence time across the tube cross section nore wuniform 15 The nature of
the finned tube according to the invention can be seen fromthe

illustration of a tube segnent in Fig. 6 and the associ ated characte¥ﬁ§9NJM7
paranmeters 20 - Hydraulic dianeter Dh in mm Ri:5Dh/2 - Flanked angle - Fin
hei ght H - Envel ope circle radius Ra=Ri + HUand Da=2 x Ra - Center angle a
25 - Radius of curvature R=Ra (sin a/2 sin P+sin a) - Envelope circle

ci rcunference R Tipglead rEhitel 8Bl Vgddeadglvd ¢l i angl e op=tam (kapjeen.

I nternal radi uscik= 2Bm@ﬂﬁEySb@skﬁRJnlEtarhggﬂﬁthEE@ﬂ%déghgnPagﬂ&ﬁ%ss
ci rcunference UD=2 x nunb%r of. fins x nR/ 18 P+a) - Fin surface area FR

- Area of the emvefbpR ep claéijl@élhlﬁ??4an°tﬁﬁéaoé'f Tﬁeﬁfé foR8r 2% B Di
35 - Profile angacii tii neth® epyekopghei rednee FadzkR-sanbeirvbthies -The

Profil nf 1. 0..98) 2A 3 JAN 2007 - 10 The fi d
the 1in val Feys WRTnoHea 3 otaFld TRAbeh PPy nsthay OIS s of e

m rror-sym"retrlumb d@silgn oh crosstiseet isgn ghd adjmoiaconecamit hendortimmy

forma wave |i éh b@ et@ﬁg case he lngE%}gfgl |Cgfsecur\£ﬁft9urq3 Tg1e a@ef | ank

angl e then resu ts et ween € tangents two radii curvat ure at
the contact poirglapdvehe shafllewof fhe thdechin amits Thyed tdgienpige

relatively shaldovgndhnebeight aadridank, anghe argaymhehedH rmpg-another
in such a vvay that the hydraulic
- 10 diameter 0of the profile from the ratio 4 x clear cross

section/profile circumference . is greater than or egqual

to the inner circle of the profile. The hydraulic

C‘~ diameter is therefore in the inner third of the profile
height. Consequently, the fin height and the number of

i3 fins increase as the diameter becomes greater, so that

the swirling flow is maintained in the direction and

intensity required for the action of the profile.

2 greater flow wvelccity (Fig. 2) results between the
20 fins or in the fin vallevs, leading to a self-cleaning
effect, i.e. to a reduction in the amounts of pyreclysis

coke that is deposited.

If the fins are produced by bulld-up welding or overlay
) 25 welding using a centrifugally cast tube, the tube wall
(;ﬁ between the individual fins remains substantizlly
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 Qx/Qy to the quotient of the
pressures losses APR/APp in the water test, applying and



10 di-ameter of the profile fromthe ratio 4 x clear cross section/profile
circunference is greater than or equal to the inner circle of the prgfaij ﬁ
The hydraulic diameter is therefore in the inner third of the profil AN 7007
hei ght. Consequently, the fin height and the number of 15 fins increase as
the di aneter becones greater, so that the 8Wirling flowis nmaintained in

the direction and intensi tl)—/ required for the action of the profile. A
greater flow vel@eseyvirpgthp) lawsulals etiveemi ttheen@ousing oh8 RaRekds

val l eys, |eadi nghipparsel fgsleani g ef fect nadnnd Q @dduciion,ia the g
anounts of pyrolysis coke that is deposited. 'If the fins aregroduc,ed bé/ '
bui | d-up wel di n@'FFreverlay Ir98 wet 8i g usi hg FPEER rif G§AA5PTa8t H e t he
tube wall bet waamhd hend ngi gkdoaksf BNnsmoeral repsubstantially unchanged, so
that the fin_valleys lie on a common circle which corresponds to the
internal cirdunference of the centri fugally cast tube. 30 Tests have shown
that - irrespectitwe ofucihd dmitter naff  dhanetiemeaf theet ubesordangotad athed to

12 fins are sufficient to hi the, flo figuration according t he
R
the ratio of thelrguwiikat8) ofinthe hEhtnedr AnbkewicbefdighenpsreRl@d tidnshe
quotient of the es,l os P [ h {ef tesdy2aPP! HWAQeRRd 2
3 JAN 2007 11 &%ﬁ%ﬁg%}ﬁe %gévrsl&oﬁéhgﬁl gﬁet ;r%%dgusi(%aé% he Reynol ds
nunbers gi veh f % naght HEF st e niR@ur Bhej sTifr eP8REBI y 1Fr oth-£ Ao 1S5,

where R denot es ia hidwegded UB9 alitk OgdenoteSesrEDt Int Wiy Bable below.
The finned tubes all have 8 fins and the same envelope
(i‘ circle.

PROFILE 0 1 3
FPluid temp. at %950 mm in| B43.6 848.1 843.0
the center T, [°C] ,
Fluid temp. at 9950 mm at| 888.9 894 874.8
the edge T, [°C])
Temperature range at 9850 45.3 45.9 31.8
mm AT=T,-T,[°C]
Homogenelity factor for the 1 0.9865281 | 1.4245283
smooth tube H at H.=ATg /ATy
Hydraulic diametexr dy [m] 6.0380 0.0256 0.0344
Homogeneity factor 1 0.8477183 | 1.3420556
referenced on hydraulic
diameter based on .the
smooth tube
C' Heo:Heo=0Tg G /AT do
Classification of H: 2 2 ' 1
15

In this context, the hvdraulic diameter is defined as
follows:

Dryar=é4 x (clear - cross section)/internal

20 circumference;

it preferably corresponds to the internal diameter of a
comparable smooth tube and then results in a
homogeneity facter of 1.425.

25 '



The superiority of the finned tube according to the invention (profile 3)
conpared to a snooth tube (profile 0) and a finned tube wth eight pgrgaJAINejﬂ[}?
fins (profile 1), anong which the radial distance between 10 the fi

val I'eys and the fin peaks is 4.8 nm is illustrated by the data presented

in the table below. The finned tubes all- R&e 8 fins and the sane envel ope
circle. PROFILEO 1 3 Fluid tenp. at 9950 mmin 843.6 848.1 843.0 the
center T. [C] Fui dhenpatar 9956t nmtdie 88819894t 8¢, &icadwdatge t7T {iG}

Tenperature ra 0 1 T fact or
for the 1 0. 982%%%%5594%4 2%e3 %%D%% %ﬁaregﬂégt _(-(Ilélfi7 Ej%]clllk ﬂé{r }i(;

di amet er dh [ ni®0f838070.a0256 6 08han HHFOEEIRA &Y Flalé?orwlt@? mmeesure

1. 3420556 refergagedaop) hmieylwgsdhegﬁb@rom@e%yoe therSoot hn tpbe Hom:
Ht'==0 - dx/LTx' do dassification of H 21 15 In this context, the

hydraulic draneter is defined as foIIovvs. D,,yer=4 x (clear cross
section)/intermaig. 20 ci compherencerhikeepr efigrfaeineraor r egpohdse t 0 #illges,

internal dianeter _of .a_c arabl e. snpot h tube nd t hen.r.esul t.s.i .
hormogenei ty facat%??%?lﬁﬁggeu%‘f FEEOFARBp0F 78S tnvention witn '8 %ins
with a pitch of in each case 30°, of & tube with a

smooth internal wall (smooth tube). The hydraulic

10 Qiameter, the axial velocity, the residence time and

the pressure loss are given for each cross section.

Cﬂ“ The starting data used were the guantitative
throughputs 1in an operational smooth tube with an

15 Anternal diameter of 38 mm, which is identical to the
hydraulic diameter. Using the laws of similarity (same

Reynolds numbers) , these data were converted by
calculation to warm water and used as the basis for the

tests (cf. the ratio of the guotients for the heat

20 transfer and the pressure loss for tests with water and

the referenced homogeneity factor for the calculation

using gases).

The different velocity profiles result from the same
25 guantitative throughputs at different hydraulic

(;4 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 directiomn, caused by the
swirling induced by the finsg, causes the flow fto be
35 detached from the tube wall and induces a helically

rising velocity over the entire cross gection.

The directed, spiral flow introduces the heat from the
tube wall into the flow and therefore distributes it



In the water test, the finned tube according to the invention gave a heat
transfer (@) which was higher by a factor of 2.56 than the snoboth t é??

with a pressure |oss (APR) which was higher only by a factor of 1.7 AN 72007
Fig.- 7 conpares three different profile tubes, including a tube according
to the invention with 8 fins wth a pitchjef_in each case 30, of a tube
wth a snooth internal wall (snmooth tube). The hydraulic 10 dianeter, the
axi al vel oci tymdﬁ’tf é\ﬁ@fhﬁﬁnchahi AR ancdoxg pressurectess t@aF’QLQiﬂ\z‘ﬂj"l e each
cross section. ng dat a. sed were.t ntitative roug put s

( moo %’& ?ﬁal

in an operationa Be %?Jhl 5 15 §hte Gnettdts of P @ i ch
is identical t(ihduargﬁu@ﬁmce dicamet eforUsitiee t heataisl et . siﬁhbansmﬁr@ﬁane

Reynol ds nunber aS|s ef§?ﬁ &¥§€%5£ (fgtfﬂ bﬁﬁggﬁchaiﬁgpet%n

and used as the St’s F he quotiénts r the
heat 20 transf @veandtihfe Prosssusectpes, f ohitlest shei Eragdtearabim ehe the

et erenced hompgensity faGhAl: [ obaleccakeul 3hion ASlNgeARseSmdhe me

di fferent veIOC|t%¥prof|Ies result ron1t e same uantitative
throughput s at NGigHiasT eRE SRyHF&ul 1 @SS divamet e?%e(rrétqu%%aﬁ redst] eRsAYP"  The

conparlson of k@%\ﬁiiﬁﬂﬁféﬁeﬁeialhee@b@ﬁt&esj%i%E% é%s@mbﬁ ﬂbgluéeﬂt'ca
in cross sectio illustrates. 30 the qProved vel oci.t acqﬁ? q and
%éf i F 93% %For

resi dence time W HFFHeSt ded M CHPf 21 e CPRFEH T Fbr
t he sane HMurammd:ﬂh&n&ifwtlbhelueéoattyh@ommrgﬁnlnm@rtbercateumﬁemaﬁtim
di rection, cauiﬁ_ ﬁtthe swirling induced by the fins, causes the flowto
be 35 detached™Fromthe tube wall and induces a helically rising velocity
over the entire cross section. The directed, spiral flow introduces the heat

fr ‘(nt he tubepmdndiHo bhe flowapd -t herefigle diishkibut,esedt according
- to the invention can be produced, for example, from a

i5 centrifugally cast tube by the ends of a tube with

axially parallel fins being rotated with respect to one

another, or by the inner profile being produced by

deformation of a centrifugally cast tube, for example

by hot forging, hot drawing or cold-working by means of

20 a profiling tool, for example & flying mandrel or a

mandrel rod with an outer profile which corresponds to

the inner profile of the tube.

2 number of wvariants of cutting machines for the

i 25 internal profiling of tubes are known, for example from
(; German Patent 195 23 280. These machines are also
suitable for the production of &z finned tube according

to the invention.

30 In the case of hot-forming, the deformation temperasture
should be set in such a way that the microstructural
grain is partially destroyed in the region of the
internal surface, and is accordingly recrystallized at
a2 Jlater stage under the influence of the operating

35 temperature. The result of this is a fine-grained
microstructure which allows rapid diffusion of
chromium, silicen and/or aluminum through the
austenitic matrix to the inner surface of the tube,



2 3 JAN 7007 13 nore evenly than in a normal, undirected turbulent flow
('smoot h tube, profiles 1 and 2) . The sane applies to the residenceéé‘jsqgm
for the particles. The spiral directed flow distributes the particl &7
uniformy 5 over the cross section, while the acceleration at the profile
fl anks reduces the nean residence tinme. Thé4 higher pressure loss with the
profile 3 results from the circunferential_velocity. In the case of profile
1, the cause &% ¥BnEFAEEEDINE HERHVt 1BHESf ItheciepwraDighy tve 1t
friction |oss afp.the large inner surface of the profile. Depending on the
material, the finned tubes according to the invention can be produced, for
exanple, froma 15 centrifugally cast tube by the ends of a tube with

axi al |y paral | ghd i nsirtbei ngccotrdtad webh réspecinidsnioinen asehherliser by the

i nner profile bei roduced hy . def or ion of._ a centrifugal ly cast tube,
For examl & b ABLT ghhg P GEad T b0 oF g vgr i NGBy meshe 81 ™20 a
profiling tool pdegriledaanpte afbkyi ng nendretdor fan nardrel betdwwenh aheout er
profile which r. the . Ln of il e of. unhe f
variants of cugﬁﬁgﬁ%nﬁe&?brﬁ?%egggge%nﬁg]renanlp#%% :ﬁgogﬁlguggs"tgr%e
known, for exampiexr romllGeofanthat entbe95:23 928bs tFheselawchinpdstaiacd so
suitable for thedguoduction of a finned tube according to the invention. 30
" In the case of hot-formng, the deformation tenperature should be set in
such a wa}othat the mcrostructural grain is partially destroyed in the
region of the Thet ernatesur fag€acand dfs ageer dribky rRafordidd i zed athea

of this 1o a 1R RYSGaI o oY £ oSTY BoLURe MR 4T Tapt O ar PPOST of of
(ji can therefore be smoothed, for example mechanically

polished or electrolytically levelled.

i5 o
Suiteble 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% cf nickel, up
to 3% of silicon, up to 1% of niobium, up fto 5% of

20 tungsten and additions of  Thafnium, titanium, zrare
earths or zirconium, in each case of up to 0.5%, and up

to 6% of aluminum.



chromium silicon and/or alum numthrough the austenitic matrix to the

i nner surface of the tube, 2 3 JAN 2007 - 14 inhere an oxidic prot)eriAN &7
| ayer is then rapidly built up. The flions according to the invention can
also be 5 produced by build-up welding; in this case, it is not possible
to forma curved fin base between the individual fins, but rather the
original profile of the inner wall of the tube is substantially naintained
there. 10 The inner surface of the tube according to the invention should
have .t he | owest possi bl e roughness; it can therefore be snoothed, for
exanpl e nmechanically 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 chromum 20 to 70% of
nickel, up to 3%of silicon, up to 1% of niobium up to 5% of 20 tungsten
and ‘addi tions of hafnium titanium rare earths or zirconium in each case
of up to 0.5% and up to 6% of alumnum C 15 - 2 3 JAN 7007 Patent
Cainms: 1. A process for the therndfatent{d&imsy of hydrocarbons in the
presence of steam in which the charge m xture is passed through externally

heat ed tupes w i i NS i ri I ielin
flowis ;gner\z%g’ﬂv L{é%l;, tfﬁgthfar%bm%ﬂ? ZACkE/r!QQ?:f nr?yt%t:@dg?&&trﬁéh? ﬁ%g‘r %ﬁ?ﬁ‘gﬁ%}' %tﬁéway ang
angl e of nore WhHgh B chz9a dBIXIUR f%p?%%eﬁééfméﬁ exte[aliy, peatgg iwesnyith gelical
converted i nt onfercdfies zomravietiredh impthat @answiding | flovaia aéndrated intthe iimoediats ng
radi al di st ancgeihityodh thBeink Which ins Bl@nRNREESSMaR thhAi20B ¢ 40°, Glifl resdact to
characteri zed thl ttsg.éaéxié Qﬁd flé ngwéﬂreb%}o'ancc}ng%one with a predominantly axial flow at

increasing radial distance from the fins.

- 2. The process as claimed in claim 1, characterized in that the fluctuation in the
inner-wall temperature overthe circumference of the tube is less than 12°C.

3. The process as claimed in claim 1 or 2, characterized in that the isotherms in the
core zone run in spiral form.

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

5. The process as claimed in one of claims 1 to 4, characterized in that the velocity
of the swirling flow covers the entire cross section after the first 2 to 3 m of the
tube length.

6. The process as claimed in one of claims 1 to 5, 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.

7. The process as claimed in one of claims 1 to 6, characterized in that the flow
velocity in the boundary layer at the tube wall is 8 fo 12% lower and the flow
velocity in the core zone is 8 to 12% higher than in the case of a comparable tube
with straight fins of the same type. '

8. The process as claimed in claims 1 to 7, characterized in that the gas is
accelerated, over a distance of from 100 to 200 cm, calculated from the gas inlet,



iinner-wal | tenperature over the circunference of the tube is less than 12C.
3. The process as clainmed in claim1l or 2, characterized in that th‘%.’]JAN '2[107
i'sotherns in the core zone run in Sp’ll6| form 4. The process as clalhed
one of clainms 1 to 3, characterized in that the velocity of the swirling
flowis built up within the first 2 to 3 mof the length of the tube and
then remains constant. 5. The process as clainmed in one of clains 1 to 4,
characterized in that the velocity of the swirling flow covers the entire
cross section after the first 2 to 3 mof the tube length. 6. The process

as claimed in tBrh%iPéun‘Ffle?énﬁﬁl Jelbt h.eﬁ%h%hfsrfozﬁﬁtd Qo%héﬁthteh&:alt\/%%ﬁf %ture

h ity fact t t
factor ref or cERcosh ThE: RV ST OF AHGHEr PRIV S, BN T B he

honogenei ty fagnstest.of a snooth tube. 7. The process as clainmed in one of
claims 1 to 6, characterized in that the flow velocity in the boundary

ayer at ghe tiheotRble b dhiha WA R AR LAY nuRLOR téﬁnarakgiag core

zone is 8'to arab rai ght
fins of the saffPqt yp%n gircymEers P‘&Qe‘ééo%@ v Qfef?é’%fn?ﬁﬁfbl'é‘?n%x'ai Ygosty of’

charact eri zed dompanzle tute \giﬁsshresghtafms@rfmeeam typger a di stance of from 100
to 200 cm calculated fromthe gas inlet, 2 3 JAN 2007 -16 to a

¢l rcunt er,l%nt ! aIL['ée §J08§§st ﬁs %a(nﬁgd %%ngértg #‘%&%Pac O%Oegflntﬂh'gt tﬁng%erﬁa]%c?%' ty in

the core Zone ci rcu 00|ty subsé femai ns
constant. 9. Tae ageledsad adhe flanki?f hafittaims 1 to 8, characterized in that
the sumof axial wvelocity and circunferential velocity is greater than the

axi al velQci t ya ghney tuSQﬁﬁB%@@ ﬁui‘a‘ﬂ@%f‘ﬂeﬁ&ll trurﬁhrﬂj‘ﬁnn%f fiss, %ai‘af&?er:%@@ﬁ tF\é(tpe

L e PSR e s FURAAD BIoIE RE e b 2eF 1o AO” PRI Bbl 22 . s i, O

havi ng a pl ur depraet bFthedubeaxiby running i nner fins, characterized in that
the fins runs at an angle of nore than 20 to 40 preferably of 22,5 to 32,5

Wiht h respect #f & ﬁe& UtQBeaéé SQl?IH’I%d Hhedidhnned chét'lté%téf‘ée&l Al H%@ fh@ Eoﬂfem 11,
characterized L eaa%ce[ @{fﬁrﬁrﬂ%urﬁ%éo +Eﬁo n%?rcﬁg egvg%pe C|rcL:1e touchang R - 2%

of the envel ogg Tl e fih
valleys.

13. The finned tube as claimed in claim 11 or 12, characterized in that the flank angle
of the fins is 16° to 25°.

14. The finned tube as claimed in one of claims 11 to 13, characterized in that the fins
and the valleys located between the fins are designed to be mirror-symmetrical in
cross section.

15. The finned tube as claimed in one of claims 11 to 14, characterized in that the fins
' and the fin valleys have the same radius of curvature.

16, The finned tube as claimed in claim 11 or 15, characterized in that the fins are
welded on and the fin valleys lie on a common circle.

17. The finned tube as claimed in one of claims 11 to 16, characterized by a total of 6
to 12 fins.

18. The finned tube as claimed in one of claims 11 to 17, characterized in that the
hydraulic diameter of the finned tube is at least equal to the diameter of the inner

circle (Ri).

18. The finned tube as claimed in one of claims 11 to 18, characterized in that the



13.. The finned tube as clainmed in claim11l or 12, characterized in that the
flank angle of the fins is 16 to 25. 14. The finned tube as cl ai medzl%g @2@7
of clains 11 to 13, characterized intHat the fins and the valleys %
between the fins are designed to be mrror-symetrical in cross section.
15. The finned tube as clained in one of clains 11 to 14, characterized in

. that the fins and the fin valleys have the sane radius of curvature. 16.
The finned tube as clained in claim 1l or 15, characterized in that the fins
are welded on and the fin valleys lie on a comon circle. 17. The finned

tlgb]?l ﬁ: cl al n?l’%tlb ?f %e%ﬂ:[tleﬁ saéfrfﬁe 4‘1‘13811 t‘?@‘?& er %ﬁf@%&gﬁgﬁn@oﬁ% %g%ﬁ%rﬂlof e 6 tO

characteri zed RrRSYha{ossRR A hWrOé‘I'JmecWﬁtPéﬁgéfé“'r B1l° ' Wherm Eudgnates # §nngd | east
equal to the duberebhep dehotese smoahtuls.rcle (R ). 19. The finned tube as
claimed in one of clainms 11 to 18, characterized in that the -17- 2 3 JAN

2007 ratj.o of th uot ents of the heat trans I efficients o the
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(H of 1.25 td™® MRe finned tube as claimed in one of clalms 11 to
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24. A process for producing the finned tube as claimed in one of claims 11 to 23,
characterized in that the ends of a tube with axially parallel fins are rotated with
respect to one another.

25. A process for producing the finned tube as claimed in cne of claims 11 to 24,
characterized in that the inner profile is preduced by deformation using a profiling -
tool.

26. The process as claimed in claim 25, characterized in that during the deformation
the micro structural grain is partially broken up in the region of the inner surface.

27. A process for producing the finned tube as claimed in one of claims 11 to 25,
characterized in that the inner profile is produced by deformation using a profiling
tool or by build-up welding.

28. A process for producing a centrifugally cast tube as described in claims 11 to 23,
characterized in that the inner profile is produced by electrolyte removal of
material.

29. The process as claimed in one of claims 26 to 28, characterized in that the inner
surface of the profiled tube is smoothed.
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to 23. 31. The use as clained in claim 30, wherei n the centrifugally cast
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32. The use as claimed in claim 31, 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.
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