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Tube having an increased internal surface, used in

furnaces, nmanufacturing process and applications. 5

The invention relates primarily to a tube having an

i ncreased internal surface which is used in furnaces.

The invention also relates to a process for

manuf acturing such a tube. The furnaces in the field

of application of the invention 10 are petrochem ca

furnaces, but al so heating furnaces for direct

reduction iron (DRI) facilities. There are two types

of furnaces  used in petrochem cal _plants. Steam .

cr abRPRPITAMA AR IPRRasad dfprond SUTSRGRucBEed 4B furnaces,
and st eam r ef mamafgcturbagepricessicCand) dpplriagari cazd

carbon nonoxi de. These furnaces include a convection

portion serving to preheat the products to be treated

and a radiation portion in which the reform ng or

cracki nghd eagliean ibakese phace. RAAnEhE 1,AdE8t i PN Rfbe having an
t hese furnaces is de of tubes with 1ong_|engths

at PR R HIR UL G Wi PRITRES H}é&‘fe‘s 1EhBspilottict T C oo

t r eat edl'pr elrestred drefadrsehard aite st he eopvectbsenfor.wanufacturing
rn%*ggr%fgub eformng, and ethane, propane, butane,

napht ha and heavi er, hydrocarbons for cracking. 25 In .

t hese tVW thpescsts figr tdcedicddeai peralsatinjeef ette invention

Thﬂsgl fp&e.gn&mdewf purRddae] orb)atlrmé%b a|beaai|filfhd'1g&h@daces for
radl a . ey .are.arra gener al vertically but '
ot B U o done ATt 9 RS par t oul ar i n

t he ol dfarsnages. thive geses oifr cilataarp | nsedle inubpgtrochemical
angh 1ve; heat present 30 inside the tube causes the
rupture of their carbon chains. At the outlet_of the
tube, oHEdecHVRFEIRE hfHERBCEAd 1Mpr¥piFiengthyleppe is produced,

staadn etaahi nge farmiages ranfabysr egerivantdg Ccleydodgen and carbon
m%y¥g§g%for the reform ng furnaces. DRI furnaces al so

i nvolve the use of tubes with | ong

These furnaces include a convection portion serving to
preheat the products to be treated and a radiation portion in
which the reforming or cracking reaction takes place.

The radiation of these furnaces is made up of tubes with
long lengths at the inlets of which one injects the product to
be treated preheated beforehand in the convection, i.e.
methane for reforming, and ethane, propane, butane, naphtha
and heavier hydrocarbons for cracking.

In these two types of furnaces, steam is also injected.

These tubes, made of a refractory material, are heated
radially. They are arranged generally vertically but can also
be arranged horizontally, in particular in the old furnaces.

The gases circulating in the tubes and the heat present
inside the tube causes the rupture of their carbon chains.

At the outlet of the tube, one recovers ethylene and
propylene for the steam cracking furnaces and hydrogen and

carbon monoxide for the reforming furnaces.
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| engt hs. These furnaces operate simlarly to the

reformng and 5 cracking furnaces previously

descri bed. More specifically, the iron ore reduction

gas previously developed in a reform ng furnace is

made to circulate in these tubes. These tubes thus

undergo stresses simlar to the tubes of the

petrochem cal furnaces. 10 The tubes previously

descri bed nmust be nade in an alloy allowng themto

operate at tenperatures in the vicinity of 10000 C

for steamreform ng furnaces, 1100C for steam

cracki ng furnaces and between 1000 and 1100 C for DRI
furnacesRI 15uthectebesl sustintvbevef ahe reseéstofcredpes with long
i g n§ﬁﬁpgnical def ormati ons at high tenperatures,

with 1 he understanding that the pressure in the _

ref or mi HpSeur AHEB3CEAN ARETETe30S bt Lably toheyhfugeforming and

al spadesiPtrpddald @rdvi ke yabeespheeg. of the
furnacgigizo Mor eover.,,. for stean1crack|n§?furnaces

it .
i s crudldli® tPTe T Matreri® i tTHy LRIBUr nfts previously
wheteee bagarl dapositef cappear fugnacke isnmednatosaifagkbabd in these

t hﬁlﬂé'sb.e-T}F@ée a etfht?sf. _dﬁ@érsgo t@@ré@égé C@ﬂﬁilhﬁs to the tubes

been developlnqgi_‘l@I allQgys with austenitic structure
neet i Wf RRfFeGaidla fuFgatRése all oys are iron-,

ni ckel -Trande @b ©ner basedls 1 Nl ¢ketr k@ smiét ppasSimabe tid an alloy
Stgﬂclmirlzner It:ktpeema %t %nietriacte SaEtr ugénlilree'a Ntingeksel ign@he vicinity of
chromne pé%thlpa 8 (WO ost on “Tedutt 1 on Y

(kBT | 4 nfooxisdaamon refprmingse fakhagesal sb1@dnE ai for steam

CagHMink1€ fCAHRGR Sl OBAE B0 FEEMI Uiy OARASe tHe for DRI
deformation of the nmetal at high tenperature and

t Nt 81451 make it possible to increase creep
resi st ance. t@bde maprovichdlefaresi s¢ ahee otetpe tiukes mechanical

tcﬁé%é%ﬂ%tfgﬁgnggfiigh temperatures, with the understanding that
the pressure in the reforming furnaces can reach 30 bar, but
they must also resist oxidation in the atmosphere of the
furnaces.

Moreover, for steam cracking furnaces, it is crucial to
use a material limiting carburizing where coke deposits appear
on the internal surface of the tube.

Fer a number of years, the Applicant has been developing
alloys with austenitic structure meeting these criteria.

These alloys are iron-, nickel- and chrome-based.

Nickel makes it possible to stabilizer the austenitic
structure. Nickel and chrome ©participate in <corrosion
reduction (carburizing, oxidation..).

These alloys also contain carbon. The carbon forms
carbides which oppose the deformation of the metal at high
temperature and therefore make it possible te¢ increase creep

resistance.
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form ng carbi des such as niobium titanium tungsten

and nol ybdenum can be added. Al so used is silicon,

whi ch contributes to increasing 5 corrosion

resi stance. The m xture of all of these conponents in

specific proportions nmakes it possible to obtain

hi gh-qual ity tubes, wusable in steam cracking, steam

reform ng and DRI furnaces. As an exanple, the

Appl i cant has been marketing tubes for 10 steam

cracki ng furnaces for a nunber of years under the

MANAURI TE(r) XM and MANAURI. TE(r) %T trad nargs, t he 1 N

respect 1V e RIS dA1® EETISSAETENS Tot Mih FERTAr 60t hESSP, ©iements
fofdowimy: JHANARISTESn)EhXMV: &l emiridiuRer cerittage umC Otdbgsten and

sgoPhdtheh it b by © 05 T 0s T T w
Addi ti gRsSA5UTRE rigst ShéiAgNnadd igh | FEAtributes to increasing
VANAURY ST )r6iM RNt Percentage C 0.40 - 0.50 M
0 - 1'5H§385d%thr% of all of these components 1in specific
proportions makes it possible to obtain high-quality tubes,
usable in steam cracking, steam reforming and DRI furnaces.

As an example, the Applicant has been marketing tubes for
steam cracking furnaces for a number of years under the
MANAURITE® XM and MANAURITE® XTM trademarks, the respective

chemical compositions of which are the following:

MANAURITE® XM

Element Percentage
c 0.45 -
0.50
Mn 0 - 1.5
Si 1 -2
0 - 0.03
S 0 - 0.03
Ni 33 - 36
Cr 24 - 27
Mo 0 - 0.5
Nb 0.5 - 1
Ti, Zr, W Additions

The rest being made of iron.

MANAURITE® XTM

Element Percentage

c 0.40 -
0.50

Mn 0 - 1.5
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PO- 0.03 SO- 0.03 N 43 - 48 C 34 - 37 No 0.5
-1 Ti, Zr, WAdditions The tubes used in the
furnaces have a length in the vicinity of severa
neters, generally 3 to 6 neters. Their interna
diameter is from35 to 200 mllineters. 5 These tubes
generally have a circular internal and externa
cross-section. Their thickness is in the vicinity of
five to twenty mllinmeters. The tubes used in the
petrochem cal furnaces can sonetines be made by
fprgimg. T Neverthetess, wienm a sijgnhi ficant quantity
of__car is preslent |nitﬁpznllnv as is the case for
Manaurige XM and (Manaurpte XIds forging of the tubes
Is 1Tnpogsi ble. These tubgs arg,thgn manufactured by

i i e effectiveness of

[
c .

the tubes used in steam 435 c4@&cking, steamreformng
and DRI:;urnaces it |s gyomm3$o iincrease the
[
h
t

et ||a| str-face—of—the—tubes—indged, increasing the
atingsurface cduses alnpre kjignilfi cant heat

ransferi bstween [the exigsiofopnd |interior of the

t Ube,—and theretore—an Tncreased Teacti ve

ef fectiveness. 20 European patent EP 980 729 proposes,

to thatTlendtudesubesed ndhuditng, famnbtesi Marsak fheeyth in the
pr c I h.a :
el g% rodﬁgnggaﬁQﬁggﬁbdq%%% JQ n?% %P%g% |§tgx%f6umﬂ%frs Their
ani et eengodil agedegofl &t tféome>3t5eﬁ:ﬁaf2OQuW#ébeme‘seﬁﬁde up

of hol | s and e UhRIaRGas yl | keve2Sat h@§§c@!]§rW| $h€Srnal and
to obtain on the internal face aof the tube. . .
ci FEUT T 0t o1 it S e ol Y% et %t¥7e i e]cnt r@b% vicinity o

five to twenty millimeters.

The tubes used in the petrochemical furnaces can
sometimes be made by forging.

Nevertheless, when a significant quantity of carbon 1is
present in the alloy, as 1is the case for Manaurite XM and
Manaurite XTM, forging of the tubes is impossible. These tubes
are then manufactured by centrifugal casting.

To increase the effectiveness of the tubes used in steam
cracking, steam reforming and DRI furnaces, it is known to
increase the internal surface of the tubes. Indeed, increasing
the heating surface causes a more significant heat transfer
between the exterior and interior of the tube, and therefore
an increased reactive effectiveness.

European patent EP 980 729 proposes, to that end, a tube
including, on its internal face, protuberances and hollows
formed through an electrochemical method.

This method consists o©f using an electrode whereof the
external surface is made up of hollows and protuberances like

those one wishes to obtain on the internal face of the tube.
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and the internal face of the tube, and the pushing of

this electrode inside the tube will cause, through

the concom tant passage of an electrical current, the

di ssolution of the 5 material at the level of the

internal face of the tube, and the formation of

hol | ows and protuberances corresponding to the

hol | ows and protuberances of the electrode. Also

known, frominternational patent application WO

03/011507 I's a mechani cal nethod by broachi ng maki ng

it ossible to reallze hol | ows and praqt uberances

on the e eFREFULREERN 0P Tt RS tURES TOF Y&t rUcHEfTc e electrode

fuanacese Thitemetlhoth@onst stheoftder,atamd nghehgushing of this

ma h u S in di, 0t
éfé%@%oé@T%ggldé ghé Fﬁ%%sﬁgg%thuQ%boFﬁPQ&ﬁg Shg Qoncomitant

ofpﬁh$%%ecdﬂ?e§ponﬂ%e@tﬁ¥¢ﬂ¥-15U§ﬁ$§§rofthﬁe‘ikﬁﬂQﬁM$l°n of the

andapepiabenangas aR&reM Jrestid pbt@mapnfa&aeof the tube, and
require

f ft t . Th
LobBe noshaETale A “phblGin atnin et Al e AR e Gappe sponding o
t hehe hambkowd and tpnog ubeolasicest wéenheaehecpassage and
the Tecpuery alogfaviags oPnecalet biaP RARSARE Gbo1Zfacion o

t he_broac int ugh"'the two _
af%?é%%ﬁ%ned%mﬁhdﬂ%cmﬂecqlt BE$8PEI PY t PLEGRGdage making it
th§o$@i}€1é13tosblé£3£@eOlﬁol.h@ﬂsiU@x@di plﬁ@dub@rances on the internal

petLroche rnac he are fficult to
P SEaet G R S i B PR R costiy
devi cesThp mhehpﬂveqmsoﬁtuss afi t saredching hitbecomftttial inside

angh frakgs,d t PRSI P! ¢itho Pﬁ{§@<§u<§&? 3k QLenBAt4on&he. The pin

dr awbacks b osing a tube with an increased
|n%%ﬁ+ﬁﬁe%u¥¥%5€ﬁéﬂﬁ° rassiei SHARF Manthsdht (rehgEsponds to the
mesingoke Wi cthd el gitse dnal iprplteertnand oapphishbsetd oobtain on

al%lh yfﬁ%éfﬁ rnﬁzge O%b%%e Qgggln particular 30 tubes

|ar ge s and sl ameters. To that end,
the tubBhit mﬁéhwvéﬁm@ﬁerss sestaintli apagsages of the broaching

Ch@@@ﬁt§ﬁ|ﬁﬁé|fhﬁ$atthé iddGhydess At ch€@shg ORBols between each
attached raqi th A f shavings generated by a passage of
passage an e reco ery of s gs g Yy o) o}
the broaching tool in the tube.

Although the two aforementioned methods make it possible
to 1increase the internal surface of the tubes used in
petrochemical furnaces, they are difficult to implement and
lead to the use of complex and costly devices.

The inventicn is situated in this context and makes it
possible to offset the aforementioned drawbacks by prcposing a
tube with an increased internal surface and an associated
manufacturing method which 1is simple to implement and
applicable to all types of metal tubes, and in particular
tubes with large lengths and small diameters.

Te that end, the tube of the invention is essentially

characterized in that it includes at least one attached radial
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bar fastened by welding to the internal face of the
wall of the tube. Preferably, this tube is provided
with several attached radial bars regularly
di stributed circunferentially on the 5 internal face
of its wall. Moreover, one can provide that each bar
is rectangular in rectangular transverse section.
Accordi ng to one advant ageous enbodi mnent, the tube of
the invention conprises six attached radial bars
which are 10 regularly distributed circunferentially
on the_internal face_of the wall of the tube and ich
Rt BYET T heDBntFIE i NG (H6T THE TR WheT cBF (HE "aLl of
I nttex nalbedi ameter is between 50 and 60 mllineters,

and eacst o L8 Hars, NS, bl GLORIoyIBLH e éba}eqllh attached

bet ween 8 a meters and | et ween
ameRrEL 4 | Pﬁﬁéte?%gu¥®Whht&@éé@épyFe@ac%l¥%ﬁmﬁ%¥e“t1311Y on the

f astenedc t qata@edmtlersnazlalﬁace of the wall of the tube
by a cgptlnuous wel d 1ine. But

an éternatlvelgt 1 .
o ovi dAHE Bach Bar s PEPISHENBHE 0 PHB ThE of haf cotangular in
f acectofngle maldansfvetrise selbéibyp.a 20 di sconti nuous

vel d | D& . Rigfenablohe %@%ah%gﬁegﬁstQﬁbb@Y§Qﬁtonthe tube of the
includes, on its external face, | east one

COHTSTUORY orC WEERAS nubids raitbtacrbé‘ﬁjl thath o oRdfe which are
wet & uiigs aify tdes badisutosd t Bertab esnat fockey obn the waldernal face

of %h%hEUbe.{ronWtHSNQUES%Q 9¥%th§1 #b%xte%quge%gltge entire

tO one advan ageous aspec e 1Tnvéention
i slenmidr off driealtivpg wihetrepife th@l nc‘mﬁﬁgaéoﬂp@@ﬂ%ms between 50

E'ﬁ{@n%omﬂppﬁlrﬁéﬁé‘ré% a0 2afn2%f Manl b2 Phlds, in cross-

0. 045
sectlon, a %elght between 8 and 15 millimeters and a width

between 3 and 5 millimeters.

Advantageously, each bar is fastened to the internal face
of the wall of the tube by a continuous weld line.

But one can alternatively provide that each bar is
fastened tco the internal face of the wall of the tube by a
discontinuous weld line.

Preferably, the tube of the invention includes, on its
external face, at least one continuous or discontinuous rib
resulting from the welding of the bars on the internal face of
the wall of the tube from the outside of the tube.

According to one advantagecus aspect of the invention,

each bar is made of an alloy with the following composition:

Element Composition (%)
C 0 - 0.25
Mn 0 - 2

Ph 0 - 0.045
S 0 - 0.03
Si 1 -2

Cr 24 - 26
Ni 19 - 22
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C 24 - 26 N 19 - 22 6 The rest being iron.

Accordi ng to anot her advant ageous aspect of the
invention, the tube is centrifugally cast and nmade of

a creep- resistant alloy. 5 1n the latter case, the
tube is preferably nmade of an alloy chosen anong the
follow ng two conpositions: Elenent Percentage C 0.45
- 050 MM 0O- 1.5 Si 1-2P0-0.03 SO0-0.03 N
33 - 36 C 24 - 27 MO- 05 NO5-1 Ti, Zr, W
Additions The rest being iron, or El enent Percentage
C0.40 - 0.50 MW O0O-1.5S 1-2PO0- 0.03 SO -
0.03 NP®Fesypelnd 34on-37 No 0.5 - 1 Ti, Zr, W
Addi ti dscording to  another advantageous aspect of the

invention, the tube is centrifugally cast and made of a creep-
resistant alloy.
In the latter case, the tube is preferably made of an

alloy chosen among the following two compositions:

Element Percentage
C 0.45 -
0.50
Mn 0 - 1.5
Si 1 -2
0 - 0.03
S 0 - 0.03
Ni 33 - 36
Cr 24 - 27
Mo 0 - 0.5
Nb 0.5 - 1
Ti, Zr, W Additions

The rest being iron, or

Element Percentage
C 0.40 - 0.50
Mn 0 - 1.5
Si 1 -2
0 - 0.03
0 - 0.03
Ni 43 - 48
Cr 34 - 37
Nb 0.5 - 1
Ti, Zr, W Additions

The rest being iron.
The invention also relates to a method for manufacturing

the tube previously described,  said method including at least
7
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The rest being iron. 10 The invention also relates to
a nethod for manufacturing the tube previously

descri bed, said nethod including at |east 7 one step
for el ectron-beam welding fromthe outside of the
tube of at |east one attached radial bar on the
internal face of the wall of the tube. Preferably,
this method conprises at |least the following 5 steps:
insertion into the tube of a bar-holder including at

| east one housing for receiving a bar to be wel ded, -
pl acenent of Ears to on the bar-holder

bet'or eSBFpafftOetr t %c?ﬁ‘fr?&?ﬁfd?l‘fiﬁfgfn?h T8y -1t ggptside of the
I ntwbd hef 40 ledet eoné hetiphcosierddiod] thwer ban sth® beternal face

\/v&g)fileg[.1 q#ﬂe Jqu%hattu%e di stance close to the

i nterna ace e wall” of the tube, either
i nser t | DR I AHeY b aitfo BRSNS SATIEISP S plpfé%ﬁtw the following
bagisep®Hr by the insertion of the bars on the

bar - hol der .15 prevjous oduced into th ube
el ect rolr{lsoeratrﬁc(xgl i'ﬂj‘r—ﬁ ﬁ‘}yem EH% Sout’si aen% r"fkhcgl(i%e’lélf:ludlng at
hbeamr@mquﬁengntf@malecﬁaaengf at harwet | befwehded,

tUbe and cenfSIOVEE Qe hEa Par ol der weﬁﬂ%ﬁhe&ﬁmrtﬁe bar~holder
the invention also relates to anot her_ net hod

metRF A uPT ngEtRE e M @dusdd Sbove, LR E’ﬁrl H&’Ilﬂaés into the

attukbee,ast one step for |aser-beam wel ding fromthe

outsid e o e, Lad| _on,th
i nterna ef Pacerr&etrﬁc & ﬁ olsg)ts%wa?gtu eg' de?l Qﬁte Tupe at a
t ublext airesy i DUty desthr¢ bedtareahppereabfeths Wzgl of the tube,

peémcéyern)pamsfetim%e%fswa B%rLﬁBQﬂgl:nﬁr@{z1§1§§PW equ:Lpped with
crack| ng furnaces, in _heatin ? \Fgﬁ ces of dir
n ti

1 OR%I rOR  Tbi LPEPBSIoFhe #5997 bEhe bar-holder
bqtrtesrlcwsdl@r simta@,duaad anhher thensube,

- electron-beam welding from the outside of the tube of the
bars on the internal face of the wall of the tube, and
- removal of the bar-holder.

Furthermore, the invention also relates t¢ another method
for manufacturing the tube described above, which includes at
least one step for laser-beam welding from the outside of the
tube of at least one radial bar on the internal face of the
wall of that tube.

Lastly, the tubes previously described are applicable in
petrochemical furnaces such as reforming or steam cracking
furnaces, or in heating furnaces of direct reduction iron
facilities.

The invention will be better understcod, and other aims,
features, details and advantages thereof will appear more
clearly upon reading the following explanatory description
done 1in reference to the appended diagrammatic drawings
provided solely as an example illustrating several embodiments

of the invention and in which:
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features, details and advantages thereof w || appear

nore 30 clearly upon reading the follow ng

expl anat ory description done in reference to the

appended di agramatic drawi ngs provided solely as an

exanpl e illustrating several enbodi nents of the

invention and in which: 8 - figure 1 is a diagramatic
illustration of a transverse section of the tube of

the invention according to a first alternative; -

figure 2 is an enlarged view of the circled portion

noted 5 Il in figure 1; - figures 3, 4, 5, .6 and

are di abgt@efat 1 cifl Pustiranagmetige ddrimstdatdopn e ﬁ"SFransverse
al secnbdn vefeniiadi pepe off t biee i AveRhitdBn Wiedrding te a first
il$£@%£gg§av nh order, the steps of the nethod of the

i nveniion; - figure 3 is a transverse

cross- sEeTunmal M @R ¢fnlanggse viemomit hej aiseled pprtion noted
that fubeiduravhich a bar-holder is introduced around

whi ch are arranged rinpgs for nt ai ni.n bars_pounted .

on the ST abr 40 Prosr el s S0F oROSLURSELC L idstracions
crammbfmﬂng(ﬁuﬂthﬂeﬁmnﬁtldmaerhatuubeembodimhatinfetherinvention

Ofwﬂf%ﬁ ET?SS%@EE ﬁthFQ%ﬁyhokﬁ rs%éPl'QE;Ogﬂgeﬂethod of the

along the arrows ure ure
t rmesity i@ icr oss- sectlon of a tube in mhlch t he

bar-holﬂieju@dﬂhg hars shaverbeer riclkredueedhal khigur @ f a tube
S a transvegse Cl 0OSS- Ssgtﬁkonéﬂ view of , t

h b
R err o BEREHEE ot FRt Dot St g,y Bapaholder is

barrstrodliclet}ur ergund ahirdnsveesemreogedsecinonalfori emaintaining

ofpihe IﬁcHH?cecPfoﬂ hed %\é‘?cﬂh'o%eilfter removal of the
bar-holder; - figure 8 is a sidé view of the tube of

the Fnvierl4Y%h 6nlsvwﬁ cho%‘i’\+§/uw}oai3r?§slF?%%%?%Jed‘”ew of the
showwagftde €oat i mustisomed £l t120t | tulee readteiad tie bar-holder is

fafﬁé%béﬁégg é%%&g“%ﬂ%n%&E%wgeEQLEVOEftPfgu}gb§i

- figure 5 is a transverse cross-section of a tube in which
the bar-holder and the bars have been introduced;

- figure 6 is a transverse cross~sectional view of the tube
and illustrates the electron-beam welding step of the bars:

- figure 7 is a transverse cross-sectional view of the tube
of the invention after removal of the bar-holder:;

- figure 8 is a side view of the tube of the invention on
which only one bar is illustrated, showing the continuous weld
line realized to fasten a bar on the entire length of the
tube;

- figure 9 is a cross-sectional view along line IX-IX of
figure 8;

- figure 10 is a side illustration of the tube of the
invention on which only one bar is shown, diagrammatically
showing the discontinuous weld line tc¢ fasten a bar on the

entire length of the tube; and



10

15

- figure 9 is a cross-sectional view along line I X-1X
of figure 8; - figure 10 is a side illustration of
the tube of the 30 invention on which only one bar is
shown, diagranmatically show ng the di scontinuous
weld line to fasten a bar on the entire length of the
tube; and 9 - figure 11 is a cross-sectional view
along line XI-XI of figure 10. In reference to figure
1 and 3, a tube 1 includes a cylindrical wall 2 with
a thickness between 5 and 20 5 mllineters on the
internal face 3 of which are regularly di stri_buted,,
ci r canfekrehis al 1 yisspx Gragicaseraienad, Vagw Adondgdine XI-XI of
defiddixre The. | ength of the tube is 2.8 neters and its
intern dianeter is 54_mllimeters, L0 The .sjXx bar
4a, 4b?hhcfe%8feﬂg? j¥)e§l %EESSEraﬁ%e%'engi}éﬁ%%ngtﬁn01Udes @
of cyhendwisen L. Wehlel t ube Witlcem ri fhigalinsscastetargen 5> and 20
regli zatbddy anoal Qe 1hPErE9IPASIdd 08 off Wohehhi Sire regularly
chosen fromthe follomnqg: El ement Percentage C O.gS 1o, 4
- LB IMEERR. giBcupferensiylly. piyz ragigl. RPEE g r %G
334d, 3=, @f24 - 27 MO - 0.5 N O0.5-1 Ti, Zr, W
A@d't'oﬂﬁa I@ﬁgEﬁs%beHﬂg EORE: 597 2.8 meters and its internal
diameter is 54 millimeters.
The six bars 4a, 4b, 4c, 4d, 4e, 4f extend over the
entire length of the tube 1.
The tube is centrifugally cast and realized in an alloy.,

the composition of which is chosen from the following:

Element Percentage
C 0.45 - 0.50
Mn 0 - 1.5
Si 1 -2
P 0 - 0.03
S 0 - 0.03
Ni 33 - 36
Cr 24 - 27
Mo 0 - 0.5
Nb 0.5 - 1
Ti, Zr, W Additions
The rest being iron, or
Element Percentage
c 0.40 -
0.50
Mn 0 - 1.5
Si 1 -2
P 0 - 0.03
3 0 - 0.03
Ni 43 - 48
Cr 34 - 37
Nb 0.5 - 1
Ti, 2r, W Additions

The rest being iron.

10



15 El enment Percentage C 0.40 - 0.50 Mn 0 - 1.5 Si 1
-2P0O-0.03 SO0O- 0.03 N 43 - 48 C 34 - 37 Nb
0.5- 1 Ti, Zr, WAdditions The rest being iron. 10
The conposition of the bars in sheet netal is the
followi ng: 5 Elenment Conposition (%9 CO - 0.25 WM O
- 2Ph0- 0045 SO- 0.03 S 0- 1.5 C 24 - 26
Ni 19 - 22 The rest being iron. The naterials used
for the tube and for the bars both have sinilar

t her no- physi cal properties, in particular regarding

t he expansi on coefficient. 10 These two materials al so
have a high resistance to carburizing due to their
austenitic structure and high chrone content.

The compositicn of the bars 1in sheet metal is the

following:
Element Composition (%)
C 0 - 0.25
Mn 0 -2
Ph 0 - 0.045
S ¢ - 0.03
Si 0 - 1.5
Cr 24 - 26
Ni 19 - 22

The rest being iron.

The materials used for the tube and for the bars both
have similar thermo-physical ©properties, in particular
regarding the expansion coefficient.

These two materials also have a high resistance to
carburizing due to their austenitic structure and high chrome
content.

According to a first alternative visible in figures 1 and
2, each bar 4a, 4b, 4c¢, 4d, 4e, 4f has a rectangular cross-
section.

More precisely, one provides, in this alternative, a bar
height h of 12 millimeters for a width 1 of 4 millimeters.

As shown in figures 1 and 2, a weld seam 6a, 6k, 6c, 6d,
6e, 6f fastens each corresponding bar 4da, 4b, 4c, 4d, 4e, 4f
to the internal face 3 of the wall 2 of the tube 1.

The presence of this weld seam ¢a, 6b, 6c¢c, 6d, 6e, 6f
results from the method used to fasten each bar 4a, 4b, 4c,
4d, 4e, 4f to the wall 2 of the tube 1.

This method is described in reference to figures 3 to 7.

11
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According to a first alternative visible in figures 1
and 2, each bar 4a, 4b, 4c, 4d, 4e, 4f has a
rectangul ar cross- 15 section. Mre precisely, one
provides, in this alternative, a bar height h of 12
millimeters for a wwdth 1 of 4 millineters. As shown
in figures 1 and 2, a weld seam 6a, 6b, 6c, 6d, 6e,
6f fastens each correspondi ng bar 4a, 4b, 4c, 4d, A4e,
4f 20 to the internal face 3 of the wall 2 of the
tube 1. The presence of this weld seam 6a, 6b, 6c, 6d,
6e, 6f _results fron1the nmet hod used tq fasten each

bar 4a,?4karzloldeg AR 2FSYRES hdhfal FO3Mofo% hed Yldpetube with
1. dTmstaret friadll isr delseni brd Hnameterende the fingwresl3 face 3 of

a W?l;rl]lAz bar -hol der 1Q assumes the formof full
W di ane

er swﬁ I'ér than the dianeter of the
i nt er naThd dear-hofden el imds Dipfradial dpeugingmhella, 11b, 1llc,

bat:hol ges, 1ﬂlﬂ"3fsor5|r)écreQQﬂ1@1|g Raws @QS,' Itﬂoa 4kl bﬂdliﬁ}e, 4f. These

5lid IIe f for _rece ng b de
4fPOHREE %‘Jgfng§ bra. i IS (T ardy) eﬁfw ps  regularly

re@u$twigut&ﬁs¢rr¢umfﬁk&nvxamﬁxwmnnthélyxbarnhe edge 12 of the
exggf hﬁ%?%iﬂz of the bar-holder 10. Each housing

I 1a, l1d, Ile, Ilf is joined wwth 10 the
bar 4a E%E:h heusiggl Ua, 4F194 Fevei Vb, 13e4 nbl ol @ined with

ﬁhﬂl’m M‘rffleg,urzﬂ: 3.4d,hadyans, 4a;fh4§ ré@elvlégl 4eI b4f

ave a rec gul ar _sect Eac Qusi

e T HRE e o e shRRn, oy D ahhe halg, 42, 4b, <o,
4d4d4e4e 44fch@vbeakepctamg@daneseﬂtlw$ resgechéwsing lla, 1ib,

hopsi ng1145 Epch bar 43, sdbn %at%acﬁ%a@f 458 4b, 4c, 4d, 4e,
introduced into its respective housin IIb I|c

L1 $3%, 0% 1%’ ¥mel5se- lﬁoﬁaérrfépe?gévﬁaP%uﬁ%Pg
4c, 4d,Edsn Hérane, kapt 4w ,pokitioa, onf uhelntroduced into its

aﬁ%%§5gé%¥$é]%%£QE§§VfEQl Ehg?uhﬂkurifﬁﬁ 9fle9bllgcon the bar-
holder 10.

The bars 4a, 4b, 4c, 4d, 4e, 4f are kept in position on
the bar-holders 10 by several circular rings 9a, 9b, 9c which
surround the bar-holder while keeping the bars 4a, 4b, 4c, 4d,
4e, 4f in place in their housing.

Then, the assembly formed by the bar-holder 10 and the
bars 4a, 4b, 4c, 4d, 4e, 4f is introduced into the tube 1.

When the bar-holder 10 slides in the tube 1, the ring 9a
closest to the inlet 7 of the tube 1 bears against the
external edge 8 of the wall 2 of the tube 1 as illustrated in
figure 6.

The bar-holder 10 continues its travel in the tube 1 by
sliding relative to the first ring 9a still bearing against
the external edge 8 of the wall 2 of the tube 1.

Then, the second ring 9%9b then bears against the first
ring %a and the bar-holder 10 continues its travel in the tube

1. This configuration is not shown in the figures.
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20 surround the bar-hol der while keeping the bars 4a,
4b, 4c, 4d, 4e, 4f in place in their housing. Then,
the assenbly formed by the bar-holder 10 and the bars
4a, 4b, 4c, 4d, 4e, 4f is introduced into the tube 1.
When the bar-holder 10 slides in the tube 1, the ring
9a 25 closest to the inlet 7 of the tube 1 bears
agai nst the external edge 8 of the wall 2 of the tube
1 as illustrated in figure 6. The bar-hol der 10
continues its travel in the tube 1 by sliding

relative to the first ring 9a st|II bearlng agaénst
30 the €& et Bude® O hdewdrl 19WoR9t heNE
Then, tiigesegondhdt-g IHert Nen ieavapagaenst ihhplécesin the tube

ri {]g e aPJ?_né#eQabar%yo'%e IJeO r%%%ﬁ'v%ldesThgé E‘:@iée% i fllustrated

the' tu hi's' codflguratlon I'S not
figur 6sgute Thehsehe i cemearbion heltl| Fomirry ¥4 ngees not show
Qctth@{hérghbar-holder 10 is conpletely in place in

the tube the rings 9a, 9b,. 9¢. ar d__Thi .

Stop | STF I THETTER E0 f It &7 SRR BRLSRR BonBarfsaRusing 112,
MAlhbflgDce blddokse not18how the ther thaldda.1¢ nis such that the
[ ehELENESa 0L OV S 511340 1L O 3 P10 PALLIIYS! ik |ndes da, 4b,

fid bar- hol der 10 is such
thé@ the Pasetfizs flSh pI¢h £3@ ipsernads farcedchlf ofhe wall 2

t hef bems dape 4D, 4cC, 4d, 4e 4f is flush with the

i ntern f ac 10 of the tube 1

t he ba?*?&ﬁdgpe % EO% BFa inthe fubeT, M %“Be 1, the
t henepeghas b@glhasﬁQm|ﬁyﬂﬂ&mﬂmgwihﬁLbamﬁ 4@; 4@, de, 4d, Ade,
4f ¢ As shown in figure 6, each bar 4a, 4b, 4c, 4d, A4e,

4f |s 15 welded to_ the wall 2 of the tube 1 b vagyun&
el ect r ohs bBRPHWD Wb of TR Eon% 3R RASI Ry tHe t e, 4f is
Thee b€t Eon deandidl penelfr alles thﬁethlQKnesscmmnthéectron beam

Wavlvr.l—:lding done from outside the tube 1.

The electron beam 14 penetrates the thickness of the wall
2 of the tube 1 while generating enough heat to cause the
melting of the wall 2 of the tube 1 at that location on one
hand, and the melting of the end of the bar 4a close to the
internal face 3 of the wall 2 of the tube on the other hand,
which causes the welding of the bar 4a to the wall 2 of the
tube 1 and the fastening of each bar 4a, 4b, 4c, 4d, 4e, 4f to
the internal face 3 of the wall 2 of the tube 1.

The bars 4a, 4b, 4c, 4d, 4de, 4f are welded cne by cone on
the entire length of -the tube 1. To do this, the electron beam
14 is applied on the tube 1 in the direction of a bar 4a from
the inlet 8 of the tube 1 and this electron beam 14 undergoes
a linear travel over the entire length of the tube 1 until the
end of the tube 1 not shown in the figures.

Alternatively, one can provide that it 1is the tube 1

which translates under the electron beam.
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2 of the tube 1 while generating enough heat to cause
the nelting of the wall 2 of the tube 1 at that

| ocati on on one 20 hand, and the nelting of the end of
the bar 4a close to the internal face 3 of the wall 2
of the tube on the other hand, which causes the

wel ding of the bar 4a to the wall 2 of the tube 1 and
the fastening of each bar 4a, 4b, 4c, 4d, 4e, 4f to
the internal face 3 of the wall 2 of the tube 1. 25
The bars 4a, 4b, 4c, 4d, 4e, 4f are wel ded one by one
on the entire len th of the tube 1. To do this, the
el ect r MM A% Fhe appPtetPnnethkPeubars fa-tHer 4c, 4d, de,
di4ecit atheofird diarodarfer anbet e ppbetd8dof the tube 1

and this, electron hegm 14, under 998S 48 theﬁ{% tﬁ%%l‘?'welded over

over the entire léngth of the tube’1”uht _
ofthéhe anigel rl@lngé’fhomfl ntkde ¥ukgpurds. Abeer harrpelger 10 is

?ﬁﬁl@?ﬂkéﬂﬂ“@%?ht%ﬁ? ﬂuFe'? b@elbﬂgﬁt&dlﬂﬁlcglldlngt

ransl at.es under e el ectron be rkin :
boo 1 bt i igte ign s BB0040. Tafe RRSE 4F BiSere S having an
i nlretrexfsdcheihtibenad mw\fad:ed a@hcehéabh bHe, Wdrd in steam
4C, : ﬁ%ﬁ d the entire length

of t e tﬁig e ar-h\gﬁé %Qigé{:&és 5 withdrawn from

t he tupdel "Eﬁ/l B $8/H el GG di b, THFIUSE Bt of 7RIE fhe golectron-

t ubesnd hiskerdltmitnOf sfégubee¥ibavi By ddkcditeieaseddetectable by

inatmerlnas!issurface and whi ch can be used in steam
cracéki%g, Teform ng or DRI furnaces. The wel ding seam

6b, 6c,Imtkedsuthingseéamnhahe selresttrionel ax0 Haantire, resulting

V\Bffjdni‘ga B PrEHRUShY adeeer iFRedohScodetREt @RI € &Y the tube and
anal ysis. Indeed, this seamhas a particul ar

st?%c?ﬁ?ebalres& TR OFHARRIE sad?qldrfsl‘ﬁsta?é?rbnmﬁF?eﬂt possible to
f usbsmrwf the pabbentet b€ tubfusivh oéné hmabiéng At possible to

mfafsqgerrﬁ‘pag A %‘ ﬁ%@rﬁ%eféée%sg%b ﬁet@ukgé 1.
observe t pres enc usi on zone nm
possi bl éﬂqr@ovmst éirhleaeﬂarctefﬁnrh@amnweiﬁamgfg@eﬁ%Sofat each weld

trﬁbiﬂg¥3§-bllster 15a protruding on the external face 16 of the
tube.

In reference to figures 10 to 13, the fastening of a bar
4a on the internal face 3 of the tube 1 can be done either by
a continucus weld line 15a on the entire length of the tube
(figures 10 and 11), or by a discontinucus weld line on the
length of the tube 1 (figure 12 and 13).

In the case of a continuous weld, the external face 16 of
the tube 1 will have a rib 15a extending along the tube 1 and
indicating the presence of a bar 4a fastened to the internal
face 2 of the wall 2 of the tube 1 under this blister 15a.

And in the case of a discontinucus weld, the external
face 16 of the tube 1 will include a line of discontinuous
blisters 15a", also marking the presence of a bar 4a fastened
to the internal face 2 of the wall 2 of the tube 1 under said

line 15a.

14



10

15

20

Mor eover, the el ectron-beam wel di ng causes, at each

weld point, a blister 15a protrudi ng on the externa

face 16 of the tube. 20 In reference to figures 10 to

13, the fastening of a bar 4a on the internal face 3

of the tube 1 can be done either by a continuous weld

line 15a on the entire length of the tube (figures 10

and 11), or by a discontinuous weld |ine on the

| ength of the tube 1 (figure 12 and 13). 25 In the

case of a continuous weld, the external face 16 of

the tube 1 wll have a rlb 15a extendi ng al ong the

tube 1 %Tfﬂ)eplﬁ%ﬁ‘é%t FRgovel pheserdd seap Bﬁrr%aconducted These
f as¢ eneddemohberhbtermalt flacepZopért bes walfl thef tthe were not
tubf Y der this blister 15a. And in the case of a
dlSCOﬁEIhUOUS wel d, the external 30 face 16 of the

tube 1 T4 | tesgbudeomsistheodf evabentinotse bIURtErs time, in

1580ur#] Sehdey lgtrlgastéﬂ%fprlesmge a®f aacbapefarhastenerioo c.
to the internal, face 2 of t 2 of the tube 1

under s%ﬁ%l L§SE S 5 e PP éf’gzﬁwtsests t hrough the wel d
seam wefer canelucdted. dheslee twsd sl detipnstuterd hiatmd hiss greater
pr&p&gt&es@gj a1 he tltbkg,e \g%r% not altered. The tests

va

consi st of uat i ng e rupture time, in_ 5 hours,

under At@sEohf the Wéa&t Ha?]tt@r?pe?%t the ypldiceem THde rupture
I esuhd slgar]_elqasldlﬁlg ows. For the nmetal of the tube 1,

the rupture t great er or e ua

oo o PR S rE LT sl SR S e e St retiataclaty mucgerties o
ruptsnet tIee tdtresss sl idpeseds inThetwetdeseaad t fieyef oF .

has sat}g{act 9r)5e@653p?'rte's% $1t50 t}fees}ﬁéit t Bglﬁt @SS &Siction loss
i nposed 1 n petrochem furnaces. Table bel ow,

pregehiat ahdheHt it and ofr it¥e; GHbFSSQf EQ%I BE2H Pyt and two
si mubed i o iy inmentdles of the prior art and two

Tube dT (° C) dP (Pa)
Prior 0 0
tube 1
Prior 23 655
tube 2
Tube of the 59 1846
invention 1
Tube of the 39 900
invention 1

The prior tube 1 is a tube with a c¢ircular internal
surface in cross-section.

The prior tube 2 is a tube whereof the internal section
has hollows and protuberances 1like that obtained by the
methods described in applications EP 980 729 and WO 03/011507.

The tube of the invention 1 is that of figures 1 and 2,
and the tube of the invention 2 is that of figures 3 and 4.

15



10

15

20

25

30

15 tubes of the invention. Tube dT ( C dP (Pa) Prior
O 0O tube 1 Prior 23 655 tube 2 Tube of the 59 1846
invention 1 Tube of the 39 900 invention 1 The prior
tube 1 is a tube with a circular internal surface in
cross-section. 20 The prior tube 2 is a tube whereof
the internal section has hollows and protuberances

i ke that obtained by the nethods described in
applications EP 980 729 and WO 03/011507. The tube of
the invention 1 is that of figures 1 and 2, and the

tube of the invention 2 is that of figures 3 and 4. 15
dT is tBE dFf tereddd IBEEREEN ¥R tipPegRure of the gas
gast ahethth@&IGifthéhEOﬁgmsedédedubub%nﬁndﬂﬁhetemperature of

tepper %gre(ﬁ o ofﬁf§§ EQ%EM$$§§ ;0f prior tube 1.

dP7i'S rlc i on oss ween the inl'et and the
outl et dB $ the é@nstd@meHO@@bbetﬂh%nsé@% thhettfed the outlet

heagt gﬁ@n§5ﬁglégyéblghggne:S|gn|f|cant for the tubes
of the invention udi ng hol |

and pro?%%e?%%%egh%ﬁ FF% ?ﬁ?%rﬁﬁ?n§g?¥a§% RéﬁaWaFﬁ931gnlflcant
t héofr itdted ohubess,oft hehér iictveortilocpssthan tfwe 40 tuldse including

thgbfo%€e an&gﬂ%fuéékéﬂﬁé% %EQQ'f'QQQErHHE 58%?59%e

accepta riction Ioss in the t
i nvent i Bpgapding cbhpl dtrdiof i9at i ¥t of e fﬁé@ElP@s&P?§ for the

sheuwbé heref et | vepessibA ter iy ohobeatsi gxchiangs apdt remains
frggééggaéfgsaﬁg %Qg %ngtfgnt g%ényﬁnﬁﬂgntube of the invention
2 1s completely satisfactory.

These results show the effectiveness in terms of heat
exchange and friction loss of the tube of the invention.

The fastening of the bars on the internal face of a tube
by welding from the outside of the tube presents many
advantages.

First, it avoids the insertion of the device for
fastening bars inside the tube, making the manufacture of the
tube simpler.

Moreover, the weld seam which ensures the connection
between the bars and the tube is capable of resisting the heat
and mechanical operating stresses of the tube at high
temperatures.

Moreover, the extra weight provided by the bars is much
less than that provided by the protuberances and the hollows
of the tubes described in the applications for patents EP
980729 and WO 03,011507 since one sees a reduction of the
extra weight by about half on the tube of the invention. This
allows the tube of the invention to be more easily installed
suspended in the furnaces.

Moreover, this seam ensures a thermal bridge between the
tube and the bar.

16



10

15

15 The fastening of the bars on the internal face of a

tube by welding fromthe outside of the tube presents

many advantages. First, it avoids the insertion of

the device for fastening bars inside the tube, making

the manufacture of the 20 tube sinpler. Mreover, the

wel d seam whi ch ensures the connection between the

bars and the tube is capable of resisting the heat

and nmechani cal operating stresses of the tube at high
tenperatures. 25 Moreover, the extra meight provided

by the bars is much _ess than that OV|deg t he .
protubé%%ﬂ%é§kﬁﬁﬁiFﬁ@JﬁblF@%@uggftpﬁé PEhRe degErfBeEOSSlble to
|rbmimsapphecmht@ﬁSaIoofpaheanrEPadﬁMHﬁﬁgama Whe later usage

&%%§gcn§% t%ﬂft%ﬁ%? a reduction of the extra

f"on the tube of the invention.
Th| s 303154 @1\/@334 Héisupetdod e pRPSACABASt BObol hpbwpres of metal

eashihds,| Nataldead th%lﬂﬁ@%fédQ@rk;@dt be Eunpacesga Moy esver .
this seam ensu e between t

and theibaP S6EAF S5 AU EPoRAFFy FOBRPEaGN “ERR4nys B can use
neldwe; weldimgossible to choose the material of the

bars acear ding 4 l%%eéoﬁgggeHsag§feEQHg'5é9ﬂ§tf&e§r5¥ the bars.

tube. But al so, is method is applicable to all types

of net &ne 5%%@&5%@9@@% hilye aPéeﬁéFl@%d ofr bars“on only one

Cegﬁtﬁftt:fchtga|o|fy cast .1ARtan akt efmat itudet ot el ecitnrian- kaam friction
gg% one can use |aser welding. One could al so

cons? di fferent geonetries of the bars. One can

al so i nemi el 3 heeprasetne ofulshreonsi agit yhasHiag Ithhe radial bars

poést.élﬁﬁbOfthtehefl)%ﬂgtchfOfsebﬁ%nttgberéé’uiéﬂyt th&tributed on the
friction |osses. In this “sense, oné could consider

haG HEF 1 1RE TR d99Bar s

The welding method for manufacture leaves great freedom
to choose both the materials to be used and the configuration
of the bars to be adopted, resulting in an effectiveness as
least equal to that of the known tubes with increased internal

surface.
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assunme the formof segnments regularly distributed on
the Ilength of the tube. 15 The wel di ng net hod for
manuf acture | eaves great freedom to choose both the
materials to be used and the configuration of the
bars to be adopted, resulting in an effectiveness as
| east equal to that of the known tubes with increased
internal surface. 17 CLAIMS 1. A tube used in
furnaces, characterized in that it includes at |east
one attached radial bar (4a, 4b, 4c, 4d, 4e, 5 4f)
fastened by welding to the internal_face (3) of the
wal | (2) of the tube (1). 2. Thelb®I¥2 according to
claim1l1, characterized in that several attached

radi gl par 4, & A) rovi ded . _
r egul ar‘%2 & h(? rl%seibed g'll rﬁi Légr ent'i cﬁ %‘ﬁet %ﬂgﬁo in that it
In%@¢h@¢e$a@% XQ@SQﬁquu§QMﬂqhe@2ya@ﬂaﬂh@agu5éa(1yb 34c, 4d, d4e,

Th@ftUb&s@@ﬁ@adbﬂﬁgwEQd@HM eBe tof tihe PnRGEedRG ClHI NBE the wall
Eﬁctgrlzed i.n ttﬂt each bar (4a, 4b, 4c, 4d, A4e,
? Pt ERg 4 i‘'n transverse section. 4. The t ube
accor2d|’h}get dumleal arSoradiray acerckedni 1,t habharéctdbized in that

Cog@\'}%fgfv\% hgacqea%ﬁaald'ﬁér?ar§a§4a4b4b4c4c’4c€'d’4e, 4f) are

are re di st'r d
ci PERVF@P@nt rfaw;/aéhsft h@llstﬁtléidﬁaﬁ f &de cemfegentpally on  the

waihtéZlaDfrdde (ubef bheandiwhiich oexteadtamer (ihe
entir.e h, of the tu mhereof t?et |nterna

G anetel T SEURBWaEHOR0 Aa T8 TV | Phet Brs tHand [ 9gbing clains,
t hataractebred 4an 4batdcsachd, bae, (48) Has, 4 4d, 4de, 4f) is

CfPééta%?&&iéﬁfhm %Jh%i.ﬁfétrs%efs%%@oﬁ and 15 nmillineters
and a w dth bet ween and mllinmters. 5 The tube

accoﬁmTﬁFtBu%%yaﬁﬁ%r6%“%hE°pFéééH|ﬁg &Wﬁ%ﬂﬁterlzed in that it
chasmst eséFediknathatheachkabanl( &arsAbi4#c, 44d, 44e, 4d, 4e, 4Af)

a;%?lfa)%%? fﬁ%&ﬂﬁ%nhgztﬁﬁétQﬁ%hQ%' f%i%cgﬁkeggn£bglly on the
internal face (3} of the wall (2) of the tube (1) and which
extend over the entire length of the tube (1) whereof the
internal diameter is between 50 and 60 millimeters, and in
that each bar (4a, 4b, 4c, 4d, 4e, 4f) has, in cross-section,
a height between 8 and 15 millimeters and a width between 3
and 5 millimeters.

5. The tube according to any one of the preceding claims,
characterized in that each bar (4a, 4b, 4c, 4d, 4e, 4f) is
fastened to the internal face (3) of the wall (2} of the tube
(1) by a continuous weld line (15a).

6. The tube according to any one of claims 1 to 5,
characterized in that each bar (4a, 4b, 4c¢, 4d, 4e, 4f) is
fastened to the internal face (3) of the wall (2) of the tube
(1) by a discontinuous weld line (15a’).

7. The tube according to any one of the preceding claims,
characterized in that it includes, on its external face (1l6),

at least one continuous or discontinuous rib (15a, 15a’')
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(1) by a continuous weld line (15a). 6. The tube

according to any one of clains 1 to 5, characteri zed

in that each bar (4a, 4b, 4c, 4d, 4e, 4f) is fastened

to the internal face (3) of the wall (2) of the tube

30 (1) by a discontinuous weld line (15a'). 7. The

tube according to any one of the preceding clains,
characterized in that it includes, on its externa

face (16), at |east one continuous or discontinuous

rib (15a, 15a' ) 18 resulting fromthe welding of the

bars (4a, 4b C on the internal face

(3Tt 1%%@@@“(‘2}5‘@0?’9%&“%8& thE %30 tfr ofiPsi & 49, 4e.
of4fheomubbe(ihteﬁnalhéat@be3acoﬁrdhagwhalaﬂﬁ )oreg dfhe tube (1)

6GRdi | g a rized in that each
bartgﬁa 46ﬂﬂﬁﬁ' §E Xh% EP?E q&?nade in an all oy
havi gﬁhﬁa¥%P¢oﬁFﬁ@r@bﬂ%o§PuﬁﬂY Eentht LSNPSR claims,
(haadteriGedd iMthat %aﬁlﬂl Gar 0(D45 45,0 4¢,0.88 Bk, 4f) is

0 - 1.5 C 24 - 2 Ni 1 2 The r est beln |ron
-5 YaRy L EReSPP

cdl ai nskleriénichar aqt eomgesi i on hed) ijt is centrlfugally
gast and nade of g cre |§gant al loy. 10. The

tjobe—according—-t-o-rectad Ille[g, Sfﬂal acterized in that the
tlube i ¢Mrade of an all oy havd ng a ¢onposition chosen
firom the follow rg: El eentg Rgrscentage C 0.45-0.50

S 0 - 0.03
51 0 - 1.5
Cr 24 - 26
Ni 19 - 22

The rest being iron.

8. The tube according to any one of the preceding claims,
characterized in that it is centrifugally cast and made of a
creep-resistant alloy.

10. The tube according to claim 9, characterized in that
the tube is made of an alloy having a compesition chosen from

the following:

Element Percentage
C 0.45-0.50
Mn 0 - 1.5
Si 1 -2

0 - 0.03
S 0 - 0.03
Ni 33 - 36
Cr 24 - 27
Mo 0 - 0.5
Nb 0.5 -1
Ti, Zr, W Additions
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M O-1.5 S 1-2PO0- 003 SO0-0.03 N 33 -
36 C 24 - 27 MO- 05 NO5-1 Ti, Zr, W

Addi tions 19 The rest being iron, or El enent
Percentage C 0.40-0.50 M1 0 - 1.5 S 1- 2PO -
0.03 SO- 0.03 N 43 - 48 C 34 - 37 N 0.5-1
Ti, Zr, WAdditions The rest being iron. 11. A nethod
for manufacturing the tube of one of clains 1 to 10,
characterized in that it includes at |east one step 5
for el ectron-beam welding fromthe outside of the tube
(1) of at | east one attached radial bar ((4a, 4b, A4c,

4 qfreqﬁ\he%ﬂg inoR, fternal face (3) of the wall (2)
of theElub@nfl) 12. TEhe-dwmithed acdording to claim 11
characterized 1n [that 1 fgqyrgfec at |l east the
floeH-ew-hAg—steps—340 HASeFtH-oH o the tube (1) of a
bar-howﬂer (10) includlwg—al 3 east| one housing (I1a,
Ll g, lid, Ilg, IIf) %f receilving a bar (4a, 4b
4b, At—de—4f)—tgbe WCIUCU,

P 0 - 0.03

5 0 - 0.03

Ni 43 - 48

Cr 34 - 37

Nb 0.5 -1

Ti, Zr, W Additions

The rest being iron.

11. A method for manufacturing the tube of one of claims
1 to 10, characterized in that it includes at least one step
for electron-beam welding from the outside of the tube (1) of
at least one attached radial bar {{(4a, 4b, 4c, 4d, 4e, 4f)) on
the internal face (3) of the wall (2) of the tube (1).

i2. The method according to claim 11, characterized in
that it comprises at least the following steps:

- insertion into the tube (1) of a Dbar-holder (10)
including at least one housing {(1la, 11lb, 11lc, 11d, 1lle, 11f)
for receiving a bar (4a, 4b, 4c, 4d, 4e, 4f) to be welded,

- placement of the bars to be welded (4a, 4b, 4c¢, 4d, 4e,
4f) on the bar-holder (10) before or after the introduction of
the bar-holder (10) into the tube (1),

- the placement o¢f the bars (4a, 4b, 4c¢, 4d, 4e, 4f) to be
welded in the tube (1) at a distance close to the internal
face (3) of the wall (2) of the tube (1), either by insertiocn
of the bar-holder (10} previously equipped with bars (4a, 4b,
4c, 4d, 4e, 4f), or by the insertion of the bars {4a, 4b, A4c,
4d, 4e, 4f) on the bar-holder (10) previously introduced into
the tube (1),
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- placenent of the bars to be wel ded (4a, 4b, 4c, 4d,

4e, 4f) on the bar-holder (10) before or after the

i ntroduction of 15 the bar-holder (10) into the tube

(1), - the placenent of the bars (4a, 4b, 4c, 4d, A4e,

4f) to be welded in the tube (1) at a distance close

to the internal face (3) of the wall (2) of the tube

(1), either by insertion of the bar-hol der (10)

previ ously equi pped with bars (4a, 4b, 20 4c, 4d, A4e,

4f), or by the insertion of the bars (4a, 4b, A4c, 4d

4e, 4f) on the har-hol der é% previ ously |ntrodu

into- tRESE RN PHAm 26310‘%1% T8 -tHea e deng t f F%?n tube (1) of
thEheubsrde of, thie, tabe {4) o0&, 4hp barshédantdimalcface (3) of
4d ) (oN t al fac 3) of the wall (2)
ofendewatl) (%1)531%&“ RGO e ey (10).

5 13- A@?ﬁﬂ?ﬂkﬂQﬁwthﬁnhﬁﬁﬂﬂﬂiﬂeﬁg(ﬂﬁé tube of one of

5 C| aimg, 1 t%lﬂbtkﬁ:ﬂﬁrﬂﬁt @tfdrﬁﬁ@dtﬁrtlh@t thk tﬁ@bugﬁsoﬁ& of claims
gs# g& ser -_.beam Idlﬁg1 fro?d e o%tgga fre laser—

tbe” 1 15" B2 AFadital C4a’ 3k,
4dbem® wa141mg1sﬂﬁplﬁuqmwtﬂe'hwmeld@SPfothehEUMHIKl(2¢f at least
of o5& ga&i@f g&i 39 14p A4gse491f t4lée t ecﬁ{:c@r{ﬁ'{‘rgternal face

to clalns pefrochem cal furnaces suc
ref%}n?%gUE? %ﬂ%&uﬁaﬁrégkﬁﬁdd ff4PRadés -or direct
10 reduqui.on i ronubeabifngHar f@s€Sacddrding to claims 1 to 10 in

petrochemical furnaces such as reforming or steam cracking

furnaces or direct reduction iron heating furnaces.
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