Process and finned tube for the thermal cracking of hydrocarbons The
invention relates to a process and a finned tube 5 for the thernal
cracki ng of hydrocarbons in the presence of steam in which the charge
m xture is passed through externally heated tubes with helical inner
fins. 10 Tube furnaces in which a hydrocarbon/steam m xture is passed
t hrough series of individual or neandering tubes (cracking tube coils)
at tenperatures of above 750C nmde from heat-resistant
chrom umni ckel -steel alloys wth a high resistance to oxidation or
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pressure apdifhg ﬁﬁiﬁpqgﬁﬁskggge to oxidation or scaling and a
15 high resistance to carburization have proven suitable

for the high-temperature pyrolysis o¢f hydrocarbons

{crude o0il derivatives). The tube c¢oils comprise
vertically running, straight tube sections which are

connected to one ancther via U-shaped 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 90° with respect thereto, i.e. runs in the direction of
the rows of tubes. The mean tube metal temperatures

(TMT) are in some cases over 1000°C.

The service life of the cracking tubes is dependent to
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 cocke) 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 pressure and the residence time

in the tube system on the ethylene yield. The operating



in the tube systemon the ethylene yield. The operating severity is set
on the basis of the mean outlet tenperature of the cracking gases
(e.g. 850C). The higher the gas tenperature in the vicinity of the
tube inner wall above this tenperature, the nore extensive 5 the
grow h of the |ayer of pyrolysis coke beconmes, and the insulating
action of this layer allows the tube netal tenperature to increase
still further. Although the chrom um nickel-steel alloys containing
0.4% of carbon, over 25% of chroniumand over 20% of nickel, 10 for
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15 carburization which can amount to carbon contents of

from 1% te 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 lcads, in particular when the
20 furnace is 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 and for the pyrolysis
25 coke to ‘be burnt with the aid of a steam/air mixture.
This requires operation to be interrupted for up to 36
hours, and therefore has a considerable adverse effect

on the economics of the process.

30 It is also known from GB Patent 969 796 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 alsc

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 1loss requires a higher system
pressure, which inevitably changes the residence time



account of friction at the enlarged tube inner surface. The higher
pressure |l oss requires a higher system pressure, which inevitably
changes the residence tinme and has an adverse effect on the yield. An
additional factor is that the known tube materials with high carbon
and chrom um contents can no | onger be profiled by cold-working, for
exanpl e col d-drawi ng. They have 5 the drawback that their deformability
decreases greatly as the hot strength rises. This has led to the high
tube nmetal tenperatures of, for exén%lé up to 10500C, which are
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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 of hydrocarbons in tubular furnaces with
externally heated tubes having helical inner fins.

20

This object 1is 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 is converted into a core zone with a

25 predominantly axial flow at increasing radial distance
from the fins. The transition between the outer zone
with the swirling flow and the core zone with the
predominantly axial flow is gradual, for example
parabolic.

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

35 fin valleys. 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 homogeneous over the c¢ross section
(cf. Fig. 7). This is confirmed by the higher overall



flanks, so that the turbulence is not locally recycled in the form of
a continuous circulating flowinto the 35 fin valleys. Despite the

obvi ously | onger distances covered by the particles through the spiral
paths, the nean residence tine is lower than in a snooth tube and,

nor eover, nore honogeneous over the cross section (cf. Fig. 7). This
Is confirmed by the higher overall 4 velocity in the profiled tube
with swirl (profile 3) conpared to %he tube with straight fins
(profile 2). This is ensured in pér iCular if the swirling flom1in

t he region e fins. or the run _at an l o]
exanpl e 30vg%9é e¥a5Py tPIQéé Rﬁq%IW%gbec fﬁ [?Fogzg g&
t he processompavedi ng ﬁ@aﬂﬂyhanMﬂﬂhcwﬁraiﬁhﬂmiﬁnssupp¢§1lwm2th

'”eV'tab'YTHthﬁéseﬂﬁﬁEeBhQnt%Q?ti@uf&fCPFT@ﬁ@”ﬁﬁlpﬁiMEeﬁlé$elﬁ'ght
side and the dark.s is conpensated for in the tube wall and the

t ube |nteFP8rre§ﬁﬂntH§ Rt £125 1 2pi BP§ H%%%lﬁ%ﬁeﬂtlﬁﬂa?ﬂg%% °fhe core
zone. Thi s2DS assoni‘gt etbx ébanplreedict,i opréeferdle risktof 3osa)

overheating%ggyr6%§ og§§%%ga§R§é ggf 15 tube wall, mﬁth_the resul t ant
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the risk of local overheating of the process gas at the
15 tube wall, with the resultant formation of pyrolysis
coke. Moreover, the thermal loading on the tube
material is lower on account of the temperature
compensation between the light side and the dark side,
which lengthens +the service 1life. Finally, in the
20 process according to the invention, the temperature is
also made more uniform over the tube cross section,
resulting in an improved olefin yield. The reason for
this is that without the radial temperature
compensation according t¢ the i1nvention in - the tube
i 25 interior, over-cracking would occur at the hot tube
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 regquire greater
introduction of heat or a higher burner capacity. This

increases the tube metal temperature {TMT) and



30 characteristic of turbulent flows, with a greatly reduced heat
transfer is fornmed in the case of a snboth tube and to a greater
extent in the case of fin profiles with an internal circunference
which is increased by nore than 5% for exanple 10% by fins. 35 This
| am nar flows |leads to the increased formation of pyrolysis coke,

| i kewi se with a poor thermal conductivity. The two | ayers together
require greater introduction of heat or a higher burner capacity. This
i ncreases the tube netal tenperature (TNW) and - 5 correspondingly
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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 o¢f the

envelope circle. 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 inventicn {relative profile
circumference) with respect 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 very
considerably reduces the extent of the laminar layer;
35 moreover, it 1is 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 decomposition thereof to form pyrolysis coke.



according to the invention (relative profile circunference) wth
respect to the envelope circle 30 circunference is nore rapid heating
of the charge gas at a reduced tube netal tenperature. The swirling
fl ow according to the invention very considerably reduces the extent
of the lam nar |ayer; 35 noreover, it is associated with a velocity
vector directed toward the center of the tube, which reduces the
residence time of cracking radicals gnd/or cracking products at the
hot tube wall and the chem cal and“ atal ytic deconposition thereof to
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the i nvent FohPwi igtieed niAReHnhtfigs-j ySki9 s dependent on the

nature of the fins in the individual circumstances.

15 1In the diagram:

The upper curve shows: profile 6: 16° pitch

The middle curve shows: profile 3: 30° pitch

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

The curves clearly demonstrate that the  higher
circumferential velocity of the profile 6 with 4.8 mm
high fins 'is consumed within the fin valleys, whereas
] 25 the circumferential velocity of the profile according
to the invention with & fin height of 3just 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



penetrates into the core of the flow Al though the -circunferentia

vel ocity of the profile 4 with just 3 fins is approximtely as high,
it does not effect any 30 spiral acceleration of the core flow
According to the curves shown in the diagrampresented 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 w de areas
of the tube cross section and is therefore responsible for

honogeni zing the tenperature in the {fube. The lower circunferential
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the difference in the. 25 tube netal tenperature on the |light side and

the dark 5 deq,J);i83984" G2 HMraihhe e Se RO hDEREISN Censures
15 that the fluctuation in the inner-wall temperature over
the circumference of the tubke, 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 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 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 temperature of a
tube according to the invention with eight fins with a

30 pitch of 30°, a tube internal diameter of 38.8 mm and 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 smcooth tube of the same diameter, based

on a mean service life of 5 years, which can be seeéen

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.



determ nes the service |life of the tubes. Therefore, the reduction. in
the nmean tube netal tenperature of a tube according to the invention
with eight fins with a 30 pitch of 30, a tube internal dianmeter of 38.8
nmand a tube external dianeter of 50.8 mm i.e. a difference in

hei ght between fin valleys and fin peaks of 2 mmof 11 conpared to a
snoot h tube of the sane dianeter, based on a nean service life of 5
years, which can be seen 35 fromthe diagrampresented in Fig. 4,
results, at an operating tenperatﬁr@ of 1050C, in a cal cul ated

increase in,service life t pproxi.mately 8 year e tepperature
istrbat i Shenseeret e | PetRREREL0R Bedyser s e £3PS, ABHThr ce
profil es shbendrnkFside 35 theo theekopndfihes hehairagmamighodnisn Fi g.
5. The | owgg b'ee‘é‘%Juan 1tnhQ:hteerg?L%rq§JéHr %h%%v?mf‘% gt hs, p‘iﬁé gﬁwgr

conpared tQ the snmpoth tube (profile 0) and con5| derabl'y narrower
f1uct uati odeV8hge®¥ orttehe tEFBEFREVI S CHEVE céﬁ’ﬁar@tﬁ t ®refélprofile 1
curve ape koipacadl eto A f1ad t istidoah! yten@ed(mfilwp@r)at "dh@ diséribution

is 10 established .if the jsath I |n ir pe fro t he
tube i nner \%a Q% a]?JhYe %aorrré’% %%%FPQQI ran£ lﬁc\l)irf o?’ FgFrin ution of
t he tenper dt apevevernpared ¢cotbesprefble rlegsmrtvg pne peeticadkdie.if the 15
circunferential velocity is buiIt up within 2 to 3 m and then renains

constant over thee |rele of the tube. With a view to achieving
a hi gh ol efti lP3T et rthf ’reé‘l atT%H’%Fas%ﬁ e YR the
processo aceeltdbhgshexitife thevasbbitbarshominl e operiatedd shapsuthom way
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the tenperature nogeneity factor reference t he hydraulic
dianeter is over 1 in relation to the 25 honbgeneity factor of a snooth
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CYoss section results in particular - if the

15 circumferential veloecity is built up within 2 to 3 m
and then remains constant over the entire length of 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 factor referenced on

the hydraulic diameter is over 1 in relation to the

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

Heo[=1Hpe = ATq:dx/ATx dp
30
The flow configuration according to the invention
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



follows: H(;.[-]Hp. = (c)Todx/OIx-do . 30 The flow configuration
according to the invention conprising core flow and swirling flow can
be achieved wth a finned tube in which the flank angle of the fins,
whi ch 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 conbination with a fin pitch of from20 to 40, for
exanple 22.5 to 32.5, ensures that “what results in the fin valleys is

not a nore_qr ss .. coptinuaus swirling.flowwhich returns to the fin
Vol | eys boRERatEhe 1 nePF el aRA L eke 1o TR o oPREF S of 60

S an
undesi r abl eohtwnwews s"svwigltihg f fhowalWleyd., BeRatiher ta héheur bisk ence

formed in the1fyn velleys hagone;detached fLam theahin fhankgeand are
t aken up b¥o%he swirling flow, The swrl energy induced by the fins

. fl, / |

accel er at eSOFRRL YA PartidqsesakAa 'EWYst e 2 I gher levé’PéXFY%el ocity.
Thi s | eadsrebhear | ethie tirbulentlee fonhed 10n netial £ ire jaanayer Became al so
makes the | uni.for, LI Ki the te r re and
the resi dg%%égé?%%g%?ogéet ﬁg}]t %ﬁgﬂg?oggﬁs%ﬁ g%kr%]r el}p tr?nff géérjn 15 The
nature of sWériimmedlevwbe ThecopwWimlg eperde ihdveedi &y cthe béisken from

the illustratbpdrfesd tHOE gaSegp@tidiRsFi Shd 618085t he assachRéLd
characteristic 1Par ters 29‘.- Iiédraul ic_di acgaeter Dh i n, om tI)?l 5Dh/ 2 -
Fl anked an§V8T21E FeHS A APISEATRAEPEC o} BT APud "RELR *¥P%H and
Da=2 x1QRa met&kntermpngiters,25and Radises okkesr veliar daRtRx (sorea/ 2 sin
P+sin a) uniform, as well as making the temperature and the
' residence +time across the +tube <c¢ross section 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 associated characteristic

parameters

20 - Hydraulic diameter Dh in mm, Ri<Dh/2
- Flanked angle B
- Fin height H
- Envelope circle radius Ra=Ri + H and Da=2 x Ra
- Center angle o
25 - Radius of curvature R=Ra (sin «/2 sin p+sin a)
- Envelope circle circumference 2IIRa
- Angle in the oblique-angled triangle yv=180-(o+p)
- 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 Fy
- Area of the envelope circle Fa=nDa’/4
- Area of the inner circle F;=I-Di
35 - Profile area within the envelope circle
Fp=Fg'number of fins
- Profile circumference Up=(1.05 to 0.98) - -2MRa



Envel ope circle circunference 21 Ra Angle in the oblique-angled
triangle y=180-(a+A) Internal radius R =2R (siny/sina)-R - Fin height
H=Ra-Ri 30 - Profile circunference Up=2 x nunber of fins x nR/ 180 (2
S+a) - Fin surface area FR - Area of the envel ope circle Fa=nDa2/4 -
Area of the inner circle F;=I1-Di 35 - Profile area within the envel ope
circle FP=FR-nunber of fins - Profile circunference Up=(1.05 to
0.98)2I1Ra - 10 The fins and the fln val | eys which are | ocated between
the fins may be of mrror sym*retrlcaﬁ design in cross section and
adj oi n one_another or vellne W|th h ethe sane
radii of CSSV&%&P% a’ﬁ% ank ang‘ﬁ t%helr‘fhr &0 té:’cB ?é/elé%%? e t angent s
of the twbheadllnsoina&umatqfr guiatrarhre yooat nttapoiegigmdin herosadi us of

the tube. L—@cfﬁ‘:ﬁ &ﬁé%d}é&% fds Mo helrCbat hy§! yomay@%efuwel ght
and flank angle are matched to one another in such réthat t he

hydraul i ¢ ¥ Hl dfet 82Chf CRRR T i a4 1 SAfLhe Orfat?‘br‘ﬂla")%’ -eat"&r oss
sectiong pr@filahe englanf@eancesiudtgr e:aatterreehhmeortamgeaﬂts tacf ttme i nner
circle of heprflle The hydraul i c La [ S d refr t he

i nner third”of ta(fel’e profl(fuw tu {2t tngegg’gejﬁfaf:{: he Y | a(r%) el ght and

t he nunber radius fohs hhﬁ:ré&b@ asIﬂhethli%nmaeﬁerbeébﬁesfgﬁéat@?e so t hat

the sw & I } Bglamwahts @abm}aetanechlmf hlbfgﬁ'tr%ﬁl om@,]g;d aln@ll'@nséﬁé’ (Fi
required for the. action o rofile r ow, vel oc ig.
2) results BE?V\%‘%n ? e A ﬁ§ &P FRR 2 "??Yn §|§7§ hygﬁﬁ‘i}%’g&lto a

sel f - cleandmgmetéece{ the.prafider oot ithe n:atu.he4awoqh§sro¢r<p)§ﬁr ol ysis
coke that L3 .gdepoahiddiel foit@nltbRenas €1 pr gaused: bynbyi b4- dguye! ding or

over |l ay ) i .
to the inner c¢ircle of the profile. The hydraulic
diameter is therefore in the inner third of the profile
height. Consequently, the fin height and the number of

15 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.

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

coke that is deposited.

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 quotients of +the heat
transfer coefficients ©Qz/Q;y to the quotient of the

pressures losses APR/APp in the water test, applying and



25 wel ding using a centrifugally cast tube, the tube wall between the

i ndividual fins remains substantially wunchanged, so that the fin
valleys |lie on a conmon circle which corresponds to the internal
circunference of the centrifugally cast tube. 30 Tests have shown t hat
- irrespective of the internal dianmeter 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 quotieﬁt%ldT the heat transfer

coefficient t otd ent .of _t essures.lo LPo in
the water t°2’sstg§(’%%|@?%gf%"%% O-il %Iltmlg ggétregi %’g‘ﬁt‘ﬁ%’? \?c/sheo?{%??'ﬁ‘lgﬁgii ty and
usi ng the Rapherds giveber sfef ver f opaphitspiftieast eakrtine ur elsi s
preferablygheerdntyt erdmS1 . Wheie Rdenaias arf hipAses t 4DeiaRda0
denotes a snnothﬂéu The SUEEFIOFIt%’Of the finned tube according

e, 5

to the inv&RE BRY( rQﬁq93?53f EBRPEY 8% a snooth tube (profile 0)
and a fénned tube with eight parallel fins (profile 1), anong- which
t he radi al di,st hetyween A0, { he £ all eys and fin peaks is 4.8
mm is iIFﬂgtf%@%%lggaﬁﬁeﬂﬂitgﬁgrgégﬁ%édtfﬁxthe tégpégbe omﬁﬁgThe
finned tubésvaptignye(Brefine and) t mompaAredenk®l ope s@dopghe. tPREFI LE013
Fluid tenmp.pabs 29800 ymuhi84 3£ 684&8a 184k Qvithe cieMterpakal1bCkifkui d
temp Al 999oPT 21§38 W4 A LMo sdoe. Tl Gl Temper glure.fange at

10 the fin wvalleys and the fin peaks 1is 4.8 mm, is

illustrated by the data presented in the table below.
The finned tubes all have 8 fins and the same envelope

circle.
PROFILE 0 1 3
Fluid temp. at 9950 mm in| 843.6 848.1 843.0
the center T, [°C]
Fluid temp. at 9950 mm at | 888.9 894 874.8
the edge T, [°C]}
Temperature range at 9950 45.3 45.9 31.8
mm AT=T,-Tg[ °C]
Homogeneity factor for the 1 0.9869281 | 1.4245283
smooth tube H at H=ATy /ATy
Hydraulic diameter dp [m] 0.0380 0.0256 0.0344
Homogenelty factor 1 0.8477193 | 1.3420556
referenced on hydraulic
diameter . based on the
smooth tube
Htg H Htg=ATO - dx/&Tx : d{)
Classification of H: 2 2 1
15

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

Dhyar=4 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 factor of 1.425.

25



mm LET=Tr-Tn{ C] Honogeneity factor for thel0.98692811.4245283 snooth

tube H at Ht=LaT9MIk Hydrae is ~aneter dh [nj0.03800.02560. 0344

Honogeneity factor10.84771931. 3420556 referenced on hydraulic dianmeter
based on the snmooth tube Ht,: Ht,=nTo - d,/8T, - do O assification of
H 221 15 In this context, the hydraulic diameter is defined as

follows: Dhydr=4 x (clear cross section)/internal

20 circunference;

It
preferably corresponds to the internal dianeter of a conparable snooth

tube and then results in a honngéhé?ii‘factor of 1.425. 25 - 12

t he wat er
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of in each

h 8 f h
3P58 [Shn) WREAbaVaS Tohen FPAINAY Anfic (Dt §-78be) | Tho

t he

pressure |9§§f??e Q&%%%F%%r eﬁ%€?§r9%3j§ggghgn._%%é;fﬁ;ﬂt'ﬁg?gata used

were the qu

ative - throug in-an operati SMoo

Ube with

an 15 i nt eipaludingret cruksf aggopminghtenthe invantieal wisht Befimgdraul i c

di anet er .

10

15

20

30

35

WstRY at hei dcanso Of 181 Makdr idake( SIS, of a tube with a
smooth internal wall (smooth tube). The hydraulic
diameter, the axial velocity, the residence time and

the pressure loss are given for each cross section.

The starting data used were the guantitative
throughputs in an operational smooth tube with an
infernal 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 quotients £for the heat
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 -

guantitative throughputs at different hydraulic

diameters (reciprocal relationship).

The comparison of the velocities for the profiles 2 and
3, which are identical in cross section, illustrates
the improved velccity, 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
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 intoc the flow and therefore distributes it



Reynol ds nunbers), these data were converted by calculation to warm
wat er 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 honpbgeneity factor for the cal culation wusing
gases). The different velocity profiles result fromthe sane 25
quantitative throughputs at different hydraulic dianeters (reciprocal
rel ati onshi p). The conparison of the velocities for the profiles 2 and
3, which are identical in cross secti®m illustrates 30 the i mproved

I ty, I t d d t i t.h d t
Ve T nvont PORE(BYEPIT ot {rEa PRELantn Ay T ahd g bhtersr Eidhe ©
vel ocity c@ﬁponEhttUbﬂ.tDGOéuleﬂnﬂemedHZﬂ difreectarom, applbsnl by t he
swirling | Reucedebyadiice fiige causeschbe fLAN Qe cﬁedegggpﬁﬁ from

the tube wall and_induces a helically rising ocity ove e entire
Cross sectﬁéﬁecﬁﬁ% GiPecHbgtridhuntes qh%nﬁﬁﬁ%ﬂFé&ﬁc@§rFhénﬁéaFmifon1the

tube wab! oroeo the h&@Wsamdctheﬁgfehe1dlshélbute$er&tnmi3atnahe evenly
than in a norgaié &ected t ur bu {ent f ow %%%%oth tube p£gflles 1

and 2). Th&*8ane applles to ‘¥he re5|de S28 (TR IESFe e partlc?es The

spiral di hegheu Preesdiet Apbat edthhahsarpiaiidse nbreesmlfor ftgm5 over

the cross %ﬁ@tb.@f’cur\{\f\éﬁ&ﬁﬁq %@.sbﬁfﬁ“m @;e thae REObirbeiilanks
reduces the nean residence tineg, g pressure_|l oss w t

t he
profile 3 FBEUFEYUSE dfh ¢ ﬁeCBP%‘Eﬁﬁ E't\ﬂ%FBiE?’EyOf hhe héle‘ase of
profil#01l, andh&heaﬂszntrnnlﬁmasonsldbeabhEg@cnnner cuirdacef of hehé | ow 10
and the frgggkﬁpeloss at the large inner surface of the profile.
Dependi ng e material, the finned tubes according to the invention
can be produced, for exanple, froma 15 centrifugally cast tube by the
ends of a Depend#ddihd) on the material, the finned tubes according

to the invention can be produced, for example, from a
15 centrifugally cast tube by the ends of a tube with
axially parallel fins being rotated with respect to one
ancther, 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.

A number of variants: 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 a finned tube according

to the invention.

30 In the case of hot-forming, the deformation temperature
should be set in such a way that the microstructural
grain 1is partially destroyed in the region of the
internal surface, and is accordingly recrystallized at
a later stage under the influence of the operating

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,



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 exanple by hot forging, hot drawi ng or col d-working by
means of 20 a profiling tool, for exanple a flying mandrel or a

mandrel rod with an outer profile which corresponds to the inner
profile of the tube. A nunber of variants of cutting machines for the
25 internal profiling of tubes are known, for exanple from Gernan
Patent 195 23 280. These machines ard also suitable for the producti on
of a finnedhtube accor%%ng 5(éétu%g ve%&ion. %Onlgatgglcaggig
hot-forning,efﬁeaaePg? i Bh Eeﬁﬁératﬁ?é dfoP§"p& 288 1Y nPeth a way
that the mbprostructural grain is partially destroyed in the region of
the internal surface, and is accordingly recrystallized at a later
stage under the_influence of the operating 35 tenperature. The result
of this isThefihdLr AGRFIIRICr &8t r GBEur VRPNl IF8Rs AAPPd BFf f usi on
of chron gebdscdd cbp bOUL@rupl wien dung ;t hiroughi s heasegusiteniéi sotmtri x to
the 1nner suLLageeofcdeedube., - ddyatherd anpaxidi gopralectiye | ayer
is then raglafy ti 1t up. e Tins according to the 1nvention can al so
be 5 prodasddvbyudplifinaup bwegl dgenberi hhe erigiasd, profidenef pbssible to
forma curygfleti waseobetypenthbe iddisvhduahefins, hdtintaihea the

ori gi nal prgflle of the inner wall of the tube is substantially

mai nt ai ned*"PhBre. 10 The inner surface of the tube according to the

i nventl®n shoul d have the | owest possible roughness; it can therefore
be smoot hedyf 0f nfERMDLE- FRENANYLAldRe  RQUYeShedcBrathgCt £8! YEREAl Y

level | ed.
invention should have the lowest possible roughness; it

can therefore be smoothed, for example mechanically
polished or electrolytically levelled.
i5
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 nicbium, 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.



15 Suitable tube materials for use in ethylene plants are iron and/or
ni ckel 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

ni obium 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
alumnum - 15 Patent Cains: 1. A process for the thermal cracking of
hydrocarbons in the presence of st%[aszl in which the charge 5 m xture
is passed through externally heated tubes wth helical internal fins,
characterized in that a swirljng fl ﬁaiﬁnsgenerat ed in the imedi ate
vicinity of the fins and is c ‘a core zone with a

predom nantly axial flow at increasing 10 radial distance fromthe

fins. 2. The pracgsscéss A M itheehal ttacikhia) axt Hyigg@darbinshat the
swirling flow takes %p t he det achi ng t ur bul encg.aii ttlﬁaflg fl anks. 15
1268 Thet

3. The process 38 %% nBEEFH'GE aPt B ur att e 3P Re

ci rcunf®renti al migptwoe t s opatdmd gasrodhowitrernbélfyi hemaikteysbes greater
than at the fin,.:pega . 4. T r S i i e clains |
to 3, charact eﬁggdlﬁ;éhl%%at“%#ﬁé% r ﬁj%d %?lg\%vléglttg%egzeééff ?ﬁst%ﬁs at an
angl e of 200 t o240 iyddidfer B dF 99nerated32in, the t HWedpake to t he
tube axis. 25 5Svidheify ageSthastiGisaidiRd iish conee@tedl ah8® b tord,
characterized in_that.the fluctuati ogli n thel f'nner-wall tegggéature

. one with ;a predominan axia Iow at 1ncrea
over the circunf@fence of® P Y ow at
10 radial distance from the fins.
2. The process as claimed in claim 1, characterized

in that the swirling flow takes up the detaching
turbulence at the fin flanks.
15
3. The process as claimed in claim 1, characterized
in that the circumferential velocity of the gas
flow in the fin valleys is greater than at the fin
peaks.
20
4. 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.
25
5. 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.
30
6. The process as claimed in one of claims 1 to 5,
characterized in that +the isotherms in the core

zone run in spiral form.

35 7. 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.



the tube is less than 12*C. 30 6. The process as clainmed in one of
claims 1 to 5, <characterized in that the isotherns in the core zone
run in spiral form 35 7. The process as clainmed in one of clains | to
6, characterized in that the velocity of the swirling f lowis built
up within the first 2 to 3 mof the l|ength of the tube and then
remains constant. - 16 8. The process as clained in one of claims 1 to
7, characterized in that the vel oci t6y of the swirling flow covers the
entire cross section after the fiTst®Z to 3 mof the tube length. 5 9.

The procesg as ’fhé"ngggcéé‘ ORg 2hAGh8h M, 1 h% & oharacteriged in that

t he tenperature eén e| factor Over € Cross sectl on and’'t he
tenperature hoﬁbgmeugnzreeﬂctlar thetetbﬁc‘é@lwttyh@fhmlea@wé11@9 di anet er

is over 1in rek%w@ober&hecﬁaoneﬂ@ﬂ@étxrofsgcts%&i% 3a SOt phé ube. 10.
The process as ¢l ainmed .in _one f cl ai er%éﬂ characterized in that

the flow vel oci f¥¥%h 1 H& mebB nERE vt ngthe he tube wall is 8 to 12%
| ower @nd the flow veI ocity in the core zone is 8 to 12% higher than

in the casg of % eagugga Ly 1ﬁt g%E fdl’lﬁm%f 1 hes sgme type.

20 11. The pr ocess rmed in a| ns aracterized in that
the gas is accerﬁm‘éﬁfrl@\?ér ing 'fd}%ﬁt aree mmﬁerr@rﬁumo hogogepedhy

cal cul ated fronmeaéher gaserd Mrad ,cﬁ&,sa Sddtaldn @manttnal t\éﬁnlp@%bi:yr&\hi ch
amopunts to 15 Lﬁ% O%Of t he .ax cit |nthet2hS c% and in
r

that the circunf@FRITTHTY V(gFIS%Ony upse gﬁltly r erhi ns cczgﬁlsJl ant 12.
The prbeess as dlametesk iy cdwmsl 1lrt orelllatlon to the homogeneity

factors of a smooth tube.

10. The process as claimed in one of claims 1 to 9,
characterized in that the flow velocity in the
15 boundary layer at the tube wall is 8 to 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.

20 11. The process as claimed in claims 1 to 10,
characterized in that the gas is accelerated, over

a distance of from 100 to 200 cm, calculated from

the gas inlet, to a circumferential velocity which

amounts to 15 to 20% of the axial velocity in the

i 25 core zone, and in that the circumferential

velocity subsequently remains constant.

12. The process as claimed in claims 1 to 11,
characterized in that the sum of axial wvelocity

30 and circumferential velocity is greater than the
axial velocity of a comparable tube with straight

fins of the same type.

13. The ©process as claimed in c¢laims 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



characterized in that the sumof axial velocity 30 and circunferenti al
velocity is greater than the axial velocity of a conparable tube with
straight fins of the same type. 13. The process as clained in clains 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 - 17 profile
circunference (up) amounts to +5 to -2% of the envelope circle
touching the fin valleys. 15. The Tilned tube as claimed in claim 14,

5 characterized in_.that the flank angle of the fins .is 16% to_250. 16.
The finned tubepﬁgf%‘%i 5“Fﬁeéﬁgfﬁ1€épbrmﬁﬁvlscﬁ&riéti?ii%é ?h that
the pitch angl etbé emeelfopescitOlest@@hing 4@e. £17. v@hke¥d .nned tube as
claimed in one of clains 14 to 16, characterized in that the fins and
the valleys_ |located hetween the fins are designed to be 15
mrror-symyetri ¢af i A18P89s $ARE oS 18C1FHReE | nA8d tSHRE s Efained in
one of sl ai ns ldhéactletizedaractdaitzetel HlhhRt ahhtef bh praksimHd the
fin valleys in ggcfﬁgqﬁngerge into one another. 20 19. The finned tube
as claimed in one of clains 14 to 18, characterized in that the fins
and the fin valleys have the sane radius of curvature. 25 20. The

]{i nned tubqlsgsd@h@i 'f&gnia?h(ﬂu::ﬂem aléll l@'fl.ailli_itled gharacd 8% i 1¢d dn .flm,at 2& heTh
| NS are wel ded on an R dn va S l, nacco n I r e. . 1he
finned tube as ERETHEETFBnd ot NAtathE PALED RBLSOOE CHAPabtBS i zed by
a totalOof 6 toid 2243 N 422. The finned tube as clained in one of
clains 14 to

17. 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

15 mirror-symmetrical in cross section.

18. 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.
20
19. 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.

25 20. 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.

21. The finned tube as claimed in cne of claims 14 to
30 20, characterized by a total of 6 to 12 fins.

22. 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 egual to the

35 diameter of the inner circle (Ri}.

23. 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 Qm/Qp



21, characterized in that the hydraulic dianmeter of the finned tube is
at least equal to the 35 dianeter of the inner circle (Ri). 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 coefficients
QRYQO - 18 to the quotient of the pressure losses iPRROPo in the
water test is 1.4 to 1.5 where R denotes a finned tube and O denotes
a snooth tube. 5 24. The finned tube as clainmed in one of clains 14 to
23, characterized in that the radius®%f curvature (R) of the fin cross

sectionis 3.51}10 mm. 25. The_fjnned tube as. cl ai ned i,n_one of
clains 14 to 1%)0 Zﬁgecﬁg?é%?%?i(i%dlcﬁ?/ gr??%uﬂeeib?ﬁsﬁﬁ—bgpéfmf? 2"to 3
mm 26. The fi nbkeel waber atestaiiped-.in tonel 4, oftdres R4démoteP5a

characterized ip;that ddie ahaap Séﬁét.seéea(;ts?n%@;thl@u%ghi n the profile
circunference (Up) amounts to 85 to 95% of the area of the envel ope

circle (Fa). 27. The finned tube as clainmed in one of clains 14 to 26,
charact®ri 2ed i Thé hednid®e fanef idse ArdacGFph 20ecapbuBtiaihve #0 t® 50% of

t he annul ar area,be t.h nvel ciircle_and the inner,circle. 28.
A process for p?ac)’du%:]%{\éﬁxe&t%eé’l%eﬁnég‘ 3@%{5 5’%1% éflagrl%do?ncgﬁ’é’a%#r%l ains 14

to 27, charact efRrexf 2%e giphgroshesettdeonofisa3dt Bbeowr @ maxi al | y
parallel fins are rotated with respect to one another. 29. A process
for producipg the finned tuhe as clai.ned .in one of clainms 14 to 27,
characteri %gd iﬂ"?h nogd (4P BT S IBROEF &7 §°Fr 8 usia”ﬁ/ h%f'b‘? mat i on
using 1@ profil24ég thatact3dizEde byr acelin dseiodta ngt) i oif cl a2 €9,
characterized 4gn,fhat during the deformation the mcro 35 structural
grain is partially broken up in the

26. The finned tube as claimed in one of claims 14 to.
25, characterized in that the clear cross section.

15 within the profile circumference (Up) amounts to
85 to 95% of the area of the envelope circle (Fa).

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



region of the inner surface. 31. A process for producing the finned
tube as claimed in one of clains 14 to 27, characterized in that - 19
the inner profile is produced by deformation using a profiling tool or
by build-up welding. 32. A process for producing a centrifugally cast
tube 5 as described in clains 14 to 27, characterized in that the
inner profile is produced by electrolyte renoval of nmaterial. 33. The
process as claimed in one of clainms 29 to 32, 10 characterized in that
the inner surface of the profiled tldbs i s srmot hed 34. The use of a
centrifugallycst t ube for t? grodutlo C{?L} nedtube

clained in one innel prefiis ¢ é’rgg ¢Phi el n cI ai m
34, wherein thea peirliihggabby ecasty thl:beldeopswsl@l!w a ni ckel all oy
containing 0.1 to 0.5% of carbon, 20 to 35% of 20 chromum 20 to 70%
of nickel, up to 3%of silicon, up to 1% of niobium up to 5% of
tungsten AAd it B’é%?ﬁ%"as@mﬁ”f‘l’i‘"@l?%&f eRALERPALEY aFR % tUR&r e

earths,s zi rconlaﬁnd@d&md anb%lefimal um rRemM2725 chéradberised ain ¢l ai ned
|ncla|m35 in theallo

nt ai_n indi vi al i.n
conbi nati on wi t1hh one eanlo rcif%ﬁéaa ltS .réjf%ggg g?’l Fgg)ﬁ?E%iﬁ%% of
ni obi um 0. 3% ofemqmgspénmaharla’é% of al um num

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 c¢laim 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.



