Tube having an increased internal surface, used in furnaces, manufacturing
process and applications. 5The invention relates primarily to a tube having
an increased internal surface which is used in furnaces. The
invention also relates to a process for manufacturing such a tube.

The furnaces in the field of application of the invention 10 are
petrochem cal furnaces, but also heating furnaces for direct reduction iron

(DRI') facilities. There are two types of furnaces used in
petrochem cal plants. St eam cracki ng furnaces in which ethylene is
produced, 15 and steamreform ng furnaces produci ng hydrogen and carbon
nonoxi de. These furnaces include a convection portion serving to

preheat the pFeeridtaving e tirgatededndngeradl ashofager tused iim whimttadde
refornming or cracking rgachiQReiAkes Placsks 44 I 1regtt%!ngn of these
furnaces is nmade up of tubes with Ioﬁ%glenéths atgﬁhé inlets of which one
injects the product to be treated preheated beforehand in the convection,
i.e. nethane for reform ng, and et hane, propane, butane napht ha and

heavi er hydrocar ns for c ackin 5l n these two types o aces, steam
is also :%njectedqql { tté?lg% mad& of'“a réfr ctétygﬁéferl%ﬁlm%rén
heat ed radlaUFy%%$ﬁeylﬂaﬁenaﬂrangéécgewEFehly%ve$¢d(%nI@uﬂnﬂcaﬁan al so he

arranged hori zontld Yi.nieh (RAM 'aQHL)aEeHQtEQetglg b HEBRCESE o ThE IASES 1 r i 1
circulating in the tubes and the heat present 30 inside the tube causesgt he

rupture of tHET %cdr¥6n chai ns. At the outlet of the tube, one
recovers ethyl enehanduphepylene tae thelateanusp Atk higf whages @Rntion
hydr ogeR yan r fo e refo ng. furn DRl
furnaceg a|§g%?n§§?5§9 éhggé 0% %A%ﬁﬁfﬂm |oﬁb‘?eﬁ%§§%“g furnaces fiogsa
furnaces opetigtas tsingiduaiiipnt é rehe ( PRE br At agl Binte S cracki ng furnaces

previously descrithele are tWore wReci frcalinhadehe hdan 9ne Jaduchion gas

previ ously deteloped in areformng furnace is made to circulate in these
tubes. ThesdtAé&s thus undergo stresses sinilar to the tubes of the
petrocheni cal fursnaces. cﬂﬂﬂhﬂxﬁUﬁﬁSn@m@NI@uﬁwbxﬂmCétm@ﬁmﬂysﬁsb@mﬁ@@@eBD an

| L t t f 100
al oy ahbowing tbenLo onerale,al el eIRRLAL ULES, Lo Lhe MLelnity. of 1000.C

for steamre ornlng urnaces antcrac Priaces” an
1000 and 110®TC*ige-DRI furnaces. 15The tubes must therefore resi st creep,

i.e. mechanical dekeematians<ad hhebudenperaidies.i oM tgtbﬁtteorungefﬂﬁ@d'tag
that the pre%%%& in the reformng furnaces can reach 3Q bar, but they nust

al so resist H i S R ORI pﬁ?ré‘@Ptﬁﬁeapﬁrﬁaé@gldééﬁﬁr@8§éﬁonféﬁ

st eam cr ackiwig churthaces foirtning oructatkiog user @ inat erdkads Ipilmcki.ng

carburi zhng wher gycoke (JaRosil 5 aRRear o0, blecinuer fabosuplage qboLngybe.

For a nunber of years, has "been devel 0pr h
austenitic éﬁW@cﬁ@P@Lﬁéeﬁlng ?heééGEFl@erw%ec@Smﬁesetﬁﬁﬂéy§h§r@rpﬁ@ﬁt to

ni ckel - andpehr erexbasedprbhekekbamakesoiénpassi pl e i stahiddzeont hey o
austenitic gtryucture. N ckel and chrome participate 1n corrosion @ hiha
and heavier hydrocarbons for cracking.
25 In these two types of furnaces, steam 1is 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
30 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.



reduction (carburizing, oxidation...). These alloys also contain carbon.
The carbon forns 30 carbi des which oppose the deformation of the netal at
hi gh tenperature and therefore nmake it possible to increase creep

resi st ance. To i nprove the resistance of the tubes to creep,

el ements form ng carbides such as niobium titanium tungsten and

nol ybdenum can be added. Al so used is silicon, which contributes
to increasing 5 corrosion resistance. The m xture of all of these
conponents in specific proportions nmakes it possible to obtain high-quality
tubes, usable in steamcracking, steamreformng and DRI furnaces. As an
exanpl e, the Applicant has been nmarketing tubes for 10 steam cracking
furnaces for a nunber of years under the MANAURI TEO XM and MANAURI TEO XTM

trademarks, the pgspeeiive.cheqhcgl Gomposl tigos of V‘@f“’cu%fo% theey fong
foll owi ng: MANAURI TEC) XM El enent Percentage 0.45 - O. - 1.5Si1 20

- 0.03 0 - 0°099tPRi-33 -36 Cr24 - 27 MO - 0.5 NbO. 5 - 1 T| Zr, WAdditions
15The rest bei ngThede ofuidfihs oMANAURI EHOIXEMIE eagntthe Pe&wm:a;g@ and

5 cracking furnaces previously described.

More specifically, the iron ore reduction gas previously
developed in a reforming furnace is made to circulate in these
tubes. These tubes thus undergo stresses similar to the tubes
of the petrochemical furnaces.

10 The tubes previously described must be made in an alloy
allowing them to operate at temperatures in the vicinity of
1000° ¢ for steam reforming furnaces, 1100°C for steam
cracking furnaces and between 1000 and 1100° € for DRI
furnaces.

15 The tubes must therefore resist creep, i.e. mechanical
deformations at high temperatures, with the understanding that
the pressure in the reforming furnaces can reach 30 bar, but
they must alsc resisti oxidation 1in the atmosphere of the
furnaces.

20 Moreover, for steam c¢racking furnaces, 1t 1is ¢rucial to
use a material limiting carburizing where coke deposits appear
on the internal surface of the tube.

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

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

Nickel makes 1t possible to stabilizer the austenitic
structure. Nickel and chrome participate N COorresion
reduction {carburizing, oxidation..).

These alloys ailso contain c¢arbon. The carbon forms

30  carbides which cppose the deformation of the metal at high
temperature and therefore make it possible to increase creep

resistance.



0.40 0.50 0 - 1.5 3 Si 1- 2 0-0.03 S 0-0.03 Ni 43-48 Or 34- 37
Nb

To improve the resistance of the tubes to creep, elements
forming carbides such as niobium, titanium, tungsten and
moiybdenum can be added.

Also used 1is silicon, which contributes to increasing

5 corrosion resistance.

The mixture of all of these components in 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

10  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 -
.50
Mn 0 - 1.5
Si 1o~ 2
P 0 - 0.03
S 0 - 0.03
Ni 33 - 36
Cr 24 -~ 27
Mo 0 - 0.5
N 0.5 - 1
Ti, Zr, W Additions
15 The rest being made of iron.

MANAURITE® XTM

Element Percentage

C 0.40 -
G.50

Mn 0 - 1.5




0.5-1 Ti, Zr, WAdditions The tubes used in the furnaces have a
|l ength in the vicinity of several neters, generally 3 to 6 neters. Their

internal dianmeter is from35 to 200 mllinmeters. 5These tubes generally
have a circular internal and external cross-section. Their thickness is in
the vicinity of five to twenty mllineters. The tubes used in the

petrochem cal furnaces can sonetinmes be nade by forging. 10Nevert hel ess,
when a significant quantity of carbon is present in the alloy, as is the
case for Manaurite XM and Manaurite XTM forging of the tubes is

i npossi bl e. These tubes are then manufactured by centrifugal casting. To

i ncrease t he—effectiveness—of-the-tubes—used,in steam 15 cracki ng, steam
reform ng and DRISif urnaces, |it is known to imncrease the internal surface of
t he tubes. Indeeq, |ncreaS|ng the(heaw NG sunface causes a nore significant
heat transfler—petween—the—extert+or—and-interior of the tube, and therefore
an increased._readtive effectiveness.” Zof# opean patent EP 98.0 72.9
proposes, tjo thaty:end, a tube inchMﬁLng@ on iits internal face,

pr ot uber anges and hottows—formed tnrougp an—¢l ectrochem cal nethod.

This met hod_consi‘ts of usi-ng--an el dde_wher eof the external surface is
made up of (hol | ows and protuberances |4 ke 25:those one wi shes to obtain on
t he interndgl fac%?of t he tube. The citculation of an electrolyte

bet ween t he-electroddland the int A58 of the tube, and the pushing of
this el ectrode |n5|de the tube will cause, through the concom tant passage

of an electrlcalqgggrgﬁg@stggegls§ Iqﬂ onfgfn5@§35hg@geréahe %éhhe : J evel, of

the internal face of e tube formati on of | ows a
pr ot uber ance& arites pohdERyeEs! t ﬁ@tﬁéﬁhov%ewld%t %bépan%e§eéffr§ he Their

el ectrode. mtemgllsenlsn@\tvar fiEom-bit 8% nﬁélmmjplaitﬁf[ﬁtea’psm i cation WO
03/011507, is a gﬁfhanl hlng maki n |t 10 pQ§S|bIe to

real i ze Rol | ows Esﬁrotﬁ 8Fang8§eﬁ%l? Py @rnal Face’ 6?Cthe ?rgaé oft 14
pet r ochem calxtfarmedces.oss-sectThhs ﬁbehadtﬁonknsss of dor ahehiviginhéy of

material insdde HQﬁL%%R% u&h@glﬁepépslntroduced into said tube. The pin
i ncludes cutting tool y of which corresponds to the 15 shape of

ape
the hol | ows and HW@tuBéW&ﬁteé“ﬁﬁ% wshesheo BBCAPRRBR:EAL | AHERRGRSf a8 of
the tube. ThismeMihedpkeguueesyseyesahgpassages of the broaching tool in
the tub t he ch uttln tools betme ssage d the
recover§ of shav%% erg&ﬁé?ﬁféd "3 pass ge o?ggg 9#5“6%% cﬁ?ng %gb?nlﬁsthe
t ube. pAletsrodighit hehews lafoar.enent Leneadarethods Ik dldtaypodsi bie eod

i ncrease theddptennal yawr face 0f 4t he EHQet%u}S'é@dlé nuﬂaﬁigscm%m el skUERBESS.
they are difficult to inplement and lead to the use of conplex and costly

devi ces. 25THé& ﬁﬁ@@n@@&ﬁfﬁ§t§F?ﬁa?édc??ﬂ?¥ﬁ%ﬁ%ﬁnﬁ%§&19§hd makes it

To increase the effectiveness of the tubes used in steam

15 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.

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

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

25 those one wishes to obtain on the internal face of the tube.



possible to offset the aforenenti oned drawbacks by proposing a tube

W t hani ncreased internal surface and an associ ated manufacturi ng net hod
which is sinple to inplenent and applicable to all types of nmetal tubes,
and in particular 30 tubes with large I engths and snmal | dianeters. To
that end, the tube of the invention is essentially characterized in that it
i ncludes at | east one attached radial 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 distributed
circunferentially on the 5internal face of its wall. Mor eover, one

can provide that each bar is rectangular in rectangular transverse section.
Accordi ng to one Hdvantagebusi@nboli pentelecheotfiybe d&fettieen nventébectrode

conprises six,attaghed Ladi.al Hars yhi ghoarepl0 raﬁ%'@ﬁéy};a%ﬁ%lgbg}fe%h!s
circunferentially on the internal face of the wall of the tube and whic
extend over BhECEMIF el hBHYt NI Bhee t'ibkl Wi Eof HhEPYHL ebhifal Ceff Ehfet ey s

bet ween 50 apds&0ydam Idf mehers) e@nd @achcokrthe, barise hag,ssionuerioss- section,
a hei ght between 8 and 15 mil.Lineters and a w 15_between, 3 and 5

millimeter s.nw%%/%%%lgggeibugbﬁ, 1&3¢E l?aff L%se flghs ee%%e%‘ tga(f e\é\?nti”grena u%fea’lcemoq’
the wal | of the tfubwabyoa cdnthauouss wehd kireduberances Rutrespendany to

al ternativel yhpriavi da,d haly each barahs-taskeprd to.thedaternal face of the
wall of the tube by a 20 di sconti nuous weld |ine. Pr ef er ab t he

ly,
tube of the invertith i ides ToR it'steXterdld )t aféteat | dBBt oheton WO
cont i nuous of3 46 BICONt,i ndeusar idedrestildadingmérbmit hey welrdiang iaf; thekbag s ian

the internal face, of the well of, ifie,tube, {romihe outside, of fhe tune

25Accor§ing ¥% ohe advan ageous aspec of ‘'t He 1 nvent 1 on, Shch Bar e Hide

of an all oy #W¢h atheHoliuhsisng fcorpssrtpbacal Ef ementSdnposition (¥ 0 -

0.25 M0 - 2 PhOpniQs OddrRod Qol3istd 2 LFddechidf LA ma?érilhe inestye

bei ng iron. . . : . : :

the tube using a pin introduced inte said tube. The pin
includes cutting tools, the shape of which corresponds to the

15 shape of the hollows and protuberances one wishes to ocbtain on
the internal face of the tube.

This method requires several passages of the broaching
tool in the tube, the change of cutting tools between each
passage and the recovery of shavings generated by a passage of

26 the breaching tool in the tube.

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

25 The invention is situated in this context and makes it
possible to offset the aforementioned drawbacks by proposing a
tube. with —an increased. internal  surface and an. assoclated
manufacturing method which 1s simple to implement and
applicable to all types of metal tubes, and in particular

30 tubes with large lengths and small diameters.

To that end, the tube of the invention is essentially

characterized in that i1t includes at least one attached radial



Accordi ng to anot her advant ageous aspect of the invention,

the tube is

centrifugally cast and nade of a creep-resistant alloy. 5ln the latter

case,

two conpositions:
0-0.03 0-0.03 Ni

10

15

20

25

the tube is preferably nade of an all oy chosen anong the foll ow ng

El ement C Percentage 0.45- 0.50 Wnh 0-1.5 Si 1- 2

33 - 36

bar fastened by welding to the internal face of the wall of
the tube.
this tube

regularly distributed circumferentially on

is provided with several attached
the

Preferably,
radial bars
internal face of its wall.

Moreover, one can provide that each bar is rectangular in
rectangular transverse section.
the tube of the
which
regularly distributed circumferentially on the internal face
of the wall of the tube
length ¢f the tube whereof the internal diameter is between 50
cf the bars

a height between 8 and 15 millimeters and a width

Accerding to one advantageous embodiment,

invention comprises six attached radial bars are

and which extend over the entire

and 60 millimeters, and each has, in c¢ross-
section,
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 alternatively provide that
fastened to the face of the wall of the tube by a
discontinuous weld line.
the tube of the

at least one continuous or discontinuous rib

one can each bar is

internal
Preferably, invention includes, on its
external face,
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 advantageous aspect of the invention,

e@ach bar 1s made of an alloy with the fellowing composition:

Element WQW Composition (2)
< B 0 - 0.25

Mn T

Bh 0 - 0.045

= 0 - 0.03

51 1 5

s 24 = 26

ni 19 = 22

P



Cr 24 -

i ron, or

10

27 Mo 0-0.5 Nb 0.5-1 Ti, Zr, N Additions The rest being

El enent Percentage 0.40-0.50

The rest being iron.

According Lo ancther 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 amceng the following two compositions:

Element Percentage
C 0.45 -
0.50
Mn 0 - 1.5
N Si 1 -2
P 0 - 0.03
3 0 - 0.03
Ni 33 - 36
Cr 24 - 27
Mo 0~ 0.5
Nb a.5 - 1
Ti, 2Z2r, W Additions

The rest being iron, or

Element Fercentage

C 0.40 - 0.50
Mn 0 - 1.5

Si T~ 2

P 0 - 0.03

S 0 - 0.03

NI 43 -~ 48

Cr 34 — 37

Nb 0.5 - 1

Ti, Zr, W Additions

The rest being iron.
The inventicn aiso relates to a method for manufacturing

the tube previously described, said method including at least
7



M 0-1.5

10

15

20

25

30

S 1- 2 0-0.03 0-0.03

one step for electron-pbeam welding from the cutside of the
tube of at least one attached radial bar on the internal face
of the wall of the tube.

Preferably, this method comprises at least the following
steps:

- insertion into the tube of a bar-holder including at
least one housing for receiving a bar to be welded,

- placement of the bars to be welded on the bar-holder
before or after the introduction of the bar-holder inte the
tube,

- the placement of the bars to be welded in the tube at a
distance close to the internal face of the wall of the tube,
either by insertion of the bar-holder previously equipped with
bars, or by the insertion of the bars on the bar-holder
previously introduced into the tube,

- electron~beam welding from the outside of the tube of the
bars cn the internal face of the wall of the tube, and

- remeval of tThe bar-helder.

Furthermore, the invention also relates to 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 understood, and other ainmns,
features, details and advantages thereof will appear more
clearly upon reading the following explanatory description
done in reference to the appended diagrammatic drawings
provided solely as an example illustrating several embodiments

of the invention and in which:



N

43-48

o

10

20

30

C 34- 37 Nbo O0.5-1 Ti, Zr, WAdditions

~ figure 1 is a diagrammatic illustration of a transverse
section of the tube of the invention accerding to a first
alternative;

- figure 2 is an enlarged view of the circled portion noted
IT in figure 1;

- figures 3, 4, 5, 6 and 7 are diagrammatic illustrations
according to the first alternative embodiment of the invention
which illustrate, in order, the steps of the method of the
invention;

- figure 3 is a transverse cross-secticnal view of a tube
from the interior of that tube in which & bar-holder is
introduced around which are arranged rings for maintaining
bars mounted on the bar-holder,

- figure 4 is a longitudinal cross-sectional view of the
tube from the interior of that tube wherein the bar-holder is
introduced aleng the arrows IV-IV of figure 5;

- 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. % is..a cross—sectional view..along- line IX-I¥-of
Figure 8;

- figure 10 1s a side illustration of the tube of the
invention on which only one bar is shown, diagrammatically
showing the discontinuocus weld line to fasten a bar on the

entire length of the tube; and



The rest being iron. 10 The invention also relates to a nethod for
manuf acturing the tube previously described, said nethod including at |east
one step for electron-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 follow ng 5steps: insertion
into the tube of a bar-holder including at | east one housing for receiving
a bar to be welded, placenent of the bars to be wel ded on the bar-hol der
before or after the introduction of the bar-holder into the 10tube, the
pl acenent of the bars to be welded in the tube at a distance close to the
internal face of the wall of the tube, either by insertion of the
bar - hol der previ oiisiyrequl ppedawctrtesbassctopnby vhevwi asenti dninef Ah&barfs
on the bar-hglder. 1) previously introduced into the tube, electron-beam
wel ding fromthe outside of the tube of the bars on the internal face of
the wall of the ttibereaRgenrendval L8 he thai2tholPder? EUPEher mbP&lvutRe @
i nvention al spltelates tovanot er wietthods 20t otk meanuf asitwdeng tshe dribe 20
descri bed abgve 3{%}3 .1 nel udes | step for er-%amweldi
from t he ‘out'si de of " the ?ﬁbg&o gbt?ggﬁ gf%g:er a%i é)lfébvéllrlla%nn £ % i‘?ﬁ%‘%lnaaﬁq%
face of the @¥b$irdfutdsht ¢ubeuniesentiallie tebes rphédiiodsing déscrbed 4re
applicable ing, 4e, af.

The length of the tube is 2.8 meters and its internal

diameter is 54 millimeters.
10 The six bars 4a, 4b, 4c, 4d, 4de, 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
31 1 -2
p ¢ - 0.03
3 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
15
Element Percentage
C 0.40 -
0.50

Mn e - 1.5
Si -2

N P 0 - 0.03
S 0 - 0.03
Ni 43 - 48
Cr 34 -~ 37
Nb 0.5 - 1
Ti, 2r, W Additions

The rest being iron.

10



25 petrochem cal furnaces such as reform ng or steam cracking furnaces, or
in heating furnaces of direct reduction iron facilities The i nvention
w1l be better understood, and other ains, features, details and advant ages
thereof will appear nore 30 clearly upon reading the follow ng expl anatory
description done in reference to the appended di agrammati ¢ draw ngs

provi ded solely as an exanple illustrating several enbodinents of the

i nvention and in which: - figure 1 is a diagrammatic 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 511 in figure 1; - figures 3, 4, 5, 6 and 7 are diagrammatic
illustrations according to the first alternative enbodi nent of the

i nvention mhich iIIustrate in order, the steps of the nethod of the

i nvention; ure 3is a transverse cross- sectional view of a tube from
t he |nter|or of t & (P9 WRPchCd bRRehobdfet i i iPr6ducBatatouhd mﬁﬁ%h
are arrangedfeingsideor nmaintaining bars nounted on the bar-hol der,

figure 4 4s a |ongitudinal cross sectional view of the 15 tube fromthe
interior of ~+hat—t-ube—wherein-the-bar-hekderi s introduced al ong the arrows
I V-1V of figure Blemgngure 5 Fempostahsvefse |cross-section of a tube in

whi ch the bar-holder and the bars @ayq)gggn ijntroduced; - figure 6 is a
transver se gross=sectional—view of the tube—20 and illustrates the

el ectron- beam.weli ng step of the Bars? - figqure 7 is a transverse
cross-sectiional wvirew of the itube of th@ dqwvention after renoval of the

bar - hol der;{ Tigufée 8 is a side Vi t € flube of the invention on which
only one bafi-s-i: ted,-show- contli nuous weld 25 line realized
to fasten a bar anithe entirje Ienghhmof ﬁhe tijube; figure 9 is a cross
--sectional V|emQ3IongI|neX of | e - figure 10 is a side
illustration the-tube-of thc 30~ .uveut.ou on which only one bar is
shown, di agr annaﬂhcally showi ng t hE® di sEbntinuous weld line to fasten a bar
on the entire Iemg&hlgkmt%%l%%bqwognd - figure 11 is a cross-sectional
view along |ine Xl-XI of In reference to figure 1 and 3, a

tube 1 includes éyéylm%ﬁ@¥b%}smﬁﬁﬁd2ﬂﬁﬁiﬁ%ﬁtﬁPEﬁné@@ Hetwelhe shang 20

mllinmeters gnvd hesumeéﬂal tﬁ”@ﬁ:@ncﬁpﬁlfys\&/@ﬂth apeogeguleas |y dhstrdutied:] 6
rcunferentlallg iy I di al _bars 4a ? 4d, 4e, A4f. The I ength
of the tube &P B eters ARG P EPS Eéfl%nhheter is 54 mllimeters.

10The sil¥ bars 4&heHy 4eo 4datdejald extend hewer Bhehigh 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, 4de, 4f has a rectangular cross-
15 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 ba, 6b, 6c, 6éd,
e, of Tastens each corresponding bar 4a, 4db, 4dc, 4d, 4e, 4f
20 to the internal face 3 of the wall 2 of the tube 1.
The presence of this weld seam 6a, ¢€b, 6c¢, 6d, e, 6f
results from the method used to fasten each bar 4a, 4b, dcg,
4, 4de, 4f to the wall 2 of the tube 1.

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

11



entire length of the tube 1. The tube is centrifugally cast and
realized in an alloy, the conposition of which is chosen fromthe

followi ng: Element Percentage C 0.45-0.50 Mh 0-1.5Si 1- 2 P 0-0.03 S
0-0.03 N 3336 & 24- 27 M 0-0.5

A bar-holder 10 assumes the form of full tube with
diameter smaller than the diameter of the internal face 3 of
the wall 2 of the tube 1.

The bar-holder 10 has six radial housings 1la, 11b, 1llc,

5 11d, 2le, 11f for receiving bars 4a, 4b, 4c, 4d, 4e, 4f. These
housings 1la, ilb, lic, 1id, 1le, 11f  are regularly
distributed circumferentially on the external edge 12 of the
bar-holder 10.

Each housing 1ia, 1l1b, 1lc¢, 11d, 1lle, 11f is joined with

10 the bar 4a, 4b, 4dc, 4d, 4e, 4f it receives.

In the example shown in figure 3, the bars 4a, 4b, Adc,
4d, 4e, 4f have a rectangular section. Each housing 1lla, 11b,
11¢c, ild, 1lle, 11f is such that each bar 4a, 4b, 4c, 4d, de,
4f can be kept in place in its respective housing.

15 Fach bar 4a, 4b, 4c¢, 4d, 4de, 4f is introduced into its
regpective housing 1lla, 1lb, 1llc, 11d, 1le, 11f on the bar-
holder 10.

The bars 4a, 4b, 4c, 4d, 4=, 4f are kept in position on
the bar-holders 10 by several circular rings 9a, 9k, 9c which
20  surround the bar-holder while keeping the bars 4a, 4b, 4c, 4d,
4, 4f 1in place in their housing.
Then, the assembly formed by the bar-~holder 10 and the
bars 4a, 4b, 4c, 4d, 4e, 4f is introeduced 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 against the
external edge 8 of the wall 2 of the tube 1 as i1llustrated in
figure 6.
The kar-holder 10 continues its travel in the tube 1 by
sliding relative to the first ring 9%9a still bearing against
30  the external edge & of the wall 2 of the tube 1.
Then, the second ring S%b then bears against the first
ring %a and the bar-holder 10 continues its travel in the tube

I. This configuration is not shown in the figures.
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Nb 0.5-1 Ti,Zr, WAdditions The rest being iron, or 15 El enent Percent age
0.40 0.50 Mn:1. Si- 20 - 0.030-0.03 N43 - 48 Cr34 - 37 N00.5- 1 Ti,

Zr WAdditions The rest being iron. 10 The conposition of the bars in
sheet netal is the following: 5 Elenent Conmposition (%9 C

The same is true for the following rings 9c¢.
When the bkar-holder 10 is completely in place in the tube
1, the rings %a, 9%b, 9c are received. This step 1is illustrated

in figure 7 which, in comparison with figure 5, does not show

N

the ring 29a.

Iin reference to figure 5, the height of each houszing 1la,
1ib, 1l¢, 11d, 1le, 11f on the bkar-hclder 10 1s such that the
base 13a, 13b, 13¢, 13d, 13e, 13f of each of the bars 4a, 4b,
4¢, 4d, 4de, 4f is flush with the internal face 3 of the wall 2
10  of the tube 1.

When the bar-holder 10 is in place in the tubke 1, the
step then begins for fastening the bars 4da, 4b, 4c¢, 4d, 4de,
4f.

As shown in figure 6, each bar 4a, 4b, 4c, 4d, 4de, 4f is

15 welded to the wall 2 of the tube 1 by vaguum electron~beam
welding done from outside the tube 1.

The electron heam 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

20 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, 4de, 4f to
the internal face 3 of the wall 2 of the tube 1.

25 The bars 4a, 4b, 4dc, 4d, 4e, 4f are welded one by one on
the entire length of the tube 1. To do this, the electron beam
i4 s applied on the tube 1 in the direction of a bar 4da 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

30 end of the tube 1 not shown in the figures.

Alternatively, one can provide that it is the tube 1

which translates under the electron beam.
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0-0025 M1 0 - 2Ph 0-0.043S0-0.03Si 0-1.5Cr 24 - 26 N 19 - 22 The
rest being iron. The materials used for the tube and for the bars
bot h have simlar therno-physical properties, in particular regarding the
expansi on coefficient. 10These two materials also have a high resistance to
carburizing due to their austenitic structure and high chronme content.
According to a first alternative visible in figures 1 and 2, each bar 4a,
4b, 4c, 4d, 4e, 4f has a rectangul ar cross-15section. Mre precisely, one
provides, in this alternative, a bar height h of 12 mllimeters for a wdth
1 of 4 mllineters. As shown in figures 1 and 2, a weld seam 6a,

6b, 6c, 6d, 6e, 6ffastens each corresponding bar 4a, |b, 4c,dd, le, 41
Marking of the positicen of the bars 4a, 4b, 4c¢, 4d, de,

4f at the inlet of the tube is provided.

Once each bar 4a, 4b, 4c, 4d, 4e, 4f has been welded over

the entire length of the tube 1, the bar-holder 10 is
5 withdrawn from the tube 1 by longitudinal sliding.

Thus obtained is a tube 1 like that of figure 2 having an
increased internal surface and which can be used in steam
cracking, reforming or DRI furnaces.

The welding seam ©6b, 6c, 6d resulting from the electron-

10 beam 14 welding step previously described is detectable by
analysis.

Indeed, this seam has a partilcular structure, resulting
from a solidificaticn after fusion of the wall of the tube and
of the bar. A micrographic analysis can make it possible to

15 observe the presence of a fusion zone making it possible to
fasten a bar on the internal face 3 of the tube 1.

Moreover, the electron-beam welding causes, at each weld
point, a blister 15a protruding on the external 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 15%a 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).

25 In the case of a continuous weld, the external face 16 of
the tube 1 will have a rib 1ba extending along the tube 1 and
indicating. the presence. of a _bar da fastened to. the internal
face 2 of the wall 2 of the tube 1 undeyr this blister 1ba.

And in the case of a disceontinuous weld, the external

30 face 16 of the tube 1 will include a line of discontinuous
Llisters 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 1b5a.
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20to the internal face 3 of the wall 2 of the tube 1. The presence of
this weld seam 6a, 6b, Sc, 6d, 6e, 6f results fromthe nethod used to
fasten each bar 4a, 4b, 4c, 4d, 4e, 4f to the wall 2 of the tube 1. This

met hod is described in reference to figures 3 to V. A bar-hol der 10
assunes the formof full tube with dianeter smaller than the di aneter of
the internal face 3 of the wall 2 of the tube 1. The bar - hol der

10 has six radial housings 1l1la, 11b, 11c, 511d, lie, |if for receiving bars
4a, 4b, 4c, 4d, 4e, 4f. These housings 1lla, 11b, 11c, 11d, lie, |If are
regularly distributed circunferentially on the external edge 12 of the
bar - hol der 10. Each housing ha, 11b, 11c, 11d, lie, IIf is
joined with 10t heCiarp daestdb, thcoudid, the, wéfldi tsereceiavwes . cdmiudie: dexdrpt @
shown in fig . oL 4a,. i 4 4e. _4Af _hav rectangular_ .
section. Eacﬁéﬁ%%s9%883§g?§&?b}h%?0}ﬂ%id?l?F%fgTT? PE gﬁgﬂ %hg% é%%ﬁ Hg?t
4a, 4b, 4c, adtemsl- 4f can be kept in place in its respective housing.
ﬁEacglgar 14a, |4_b]?dh(4|0_teé@|s| ]fl@anéifshﬂ' Sgifntimul.dﬁﬁch. '1ri0g1t @nhkt Srif}(ﬂﬁ_rﬂﬁﬁt itmehzu_ﬁ{ ng
a, : c id, 1f ont .- hol der  10. n _The rs 4a,
4b, Ac, iﬁ,lﬁ 1 J%é%f“?ﬁs6géﬁ€igﬁaoﬁttﬂeL%%?@ﬁ%W%%$soﬁdﬂﬁypgéveral
circular rings 9dheb;e9cl hehiagle 26sdridovnd .t he bar-hol der whil e keeping the
bars 4a, 4b, 4c, 4d, e A n,place 0,4 hei rohousing, Jdhene the assanhly
formed by the bar-holder 10 and the bars 4a, 4b, 4c, 4d, 4e, 4f 1s
i ntroduced i tHe Gdd £ WIEnPERESbar - hol der 10 slides in the tube 1,
the ring 9a 25 clmgsestotothhenienhet nélafed he: t ube lebeassaagaivist tligcure
externaglpd e 8 oﬂsg‘%_%%drsg of the tube 1 as illustrated in figure 6
The bar-hol det"™* 10 tonti niés 5i'ts travel in the tube 1 by sliding relative to
the first ring 9dlistiv¢ideariang Egaiaistre30hahesektefaatoedger®pefrtiihe val |

2_ of th_e tUbJ?eﬁ;Iﬂ'-.st the S-Ebc%@’setsh%m%%‘égadi_ﬁi Bgtggcﬁ&ﬁpcﬁ)ﬁaférrﬁﬁ?éé‘mt the
first ring 9a and the bar-holder 10 continues its travel in the tube 1.

This configurati off3'€ nbt PERBYN PFR SERE 5T g et TheBaaBdi & Hiqid oforl afe
followi ng ricgsl 2ed by sihanttibe War- habdenndd bs coapbetet yait fldagd n

t he tub§51, t %y£kﬂg%¢%9@n%%nt%% are received. This step is illustrated in
figure 7 which;, 1 n conparison Wt h figure 5, does not show 5the ring 9a.

In reference to figure 5, the height of each housing 1lla, 11b, 11c, lid,

lie, 11f on the bar-hglder 10 ig such that -the base 13a, 13bp 13¢, 13d,
13e, 13f of{-eachof-the-bars—4a;4b;—4c,4d,4de,—4f is ftush—wth"the
internal fdc&P%of the wall 2 10 of the tube 1. ¢

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 like that obtained by the
methods described in applications EP 980 729 and WO 03/011507.

The tube of the invention 1 1s that of flgures 1 and 2,

and the tube of the inventicn 2 is that of figures 3 and 4.
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When the bar-holder 10 is in place in the tube 1, the step then begins for

fastening the bars 4a, 4b, 4c, 4d, 4e, 4f. As shown in figure 6,
each bar 4a, 4b, 4c, 4d, 4e, 4f is 15 welded to the wall 2 of the tube 1 by
vacuum el ectron-beam wel di ng done from outside the tube 1. The

el ectron beam 14 penetrates the thickness of the wall 2 of the tube 1 while
generating enough heat to cause the nelting of the wall 2 of the tube 1 at
that | ocation 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,
whi ch 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
wal | 2 of the tub® 1is25Thedbafsrdace4betueengdhesqéerpprateraeloded ronesdyy

one on the entikgel engtRc0fst hend U@@néldgpecﬂot&@ésanbh%h@ actn heam 4 i s
applied on thetube ] in the directio bar 4a fromthe inlet 8 of. the

tube 1 and this #ecty c}ﬁleoé’é’rhlf& Sﬁdé’rr@f)’éstﬁb?l hear travel over the entire
| ength of the tub@ 11‘Llntth1da fhecBrenthof Wdievdarbe e notleshowd ithd heutlex
figures. ¢ £ can provide that it is the tube 1 which
transl ates under th aﬁe&é%%lr%}n t(te)lg%m Mar ki ng of the position of the
bars 4a, 4b, 4c, U Aes gfhatt e ket Uoiniher tabe i sS prove degnificant

Once each bafodacndb, :dises 4@,f dene 4finRastheagn Mﬁirde@loQV&{ Ftb%eeniddﬁzdﬁﬂgth
of the tube 1,. the bar-hold 10 is withdrawn from

by
| ongi t udi nal hgﬂcﬂf%gmd prowﬁ? 1§66 al ﬁeﬂiL lat’?ﬁ%%i 1SLI1VEaeC€Ehat of figure 9
havi ng an increaseddmtiernathsuftaceiand lwisch Wan beiwisieeh | hostedmr the

cracki ng, refofdi g 0LuDRI: funnacss. 1Theswehding Seam e e, pod 1 askl il g

fromthe eI ectron- g step previously describ
det ect abl e b%/f%?fatl%ﬁsll@s and the | fHigedd ont hi% Sseldn His td”%?ar‘-‘tﬁ citﬁ%r”s\{%ﬂicit@re
resulting froma soldididdicatdaen sabtesrfusi on of the wal | of the tube and of

the bar. A mcrographic _an si s.can ke i.t. ssible to 15 observe th

o esonce of M fuoEE R R R T Ee P aRt S ook ORTL RE MERe

i nternal facex&afgd ke dbgckion loss okbkkevenbetht Wectmomtbeam wel di ng
causes, jat each weld polnt, ;. bld shgr plaa erptﬁru;d'ﬂ&e% 1hefa%t eJenal fu%%e

16 of the tube. 20in reference to figures 10 to 13, fasteni ng of a bar
4a on the irterndldidgee From t k&t upBteidan pé db]ﬁ% ePt”h%r iR e TEGNt iMREdUS
wel d |ine 15awhdhesentire length of the tube (flgures 10 and 11), or by a

di sconti nuous wel | ine on the |.engt of t.he t 1 (figure 12 and 13)
25In the case of al it | rf[}ousa% " tHE exterT: ofnac(eo£116ucoi'lfe t K e fCWl | |

have a rib 115®®merm|h‘ﬁgfsallcmgiotdwetftmbwblefan@hhm ddtd mgarittfe qgresende tdfe a
bar 4a hHastengd. tothe J.nternal face 2 of the wall 2 of the tube 1 under
this blister 15a. And in the case of a discontinuous weld, the external 30

face 16 of the tUlFePYRN/ | FhEl vtRlh ISPAE of P af’s c SRMTHTTSus ThEi G@rectsen,

al so mar ki nggétMeepr esence ref sadbanedavhastienedptpléheri ndernalnd age 2eeft

the wall 2 Of éh mec baenllca%ndec{pesr%tdlnlcf ne:stji:%aases cof the tube at high
Lemperatures.

25 Moreover, the extra welghti 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 ftube of the invention. This

30 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.
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Creep tests through the weld seam were conducted. These tests denonstrate

that the properties of the tube were not altered. The tests
consi st of evaluating the rupture tine, in 5 hours, under stress of 17 MPa
at a tenperature of 1100C. The results are as foll ows. For the netal

of the tube 1, the rupture tinme is greater than or equal to 100 hours.

And for the netal nelted at the weld seam the rupture 10tine is 114 hours.
The wel d seamtherefore has satisfactory properties to resist the stresses
i nposed in petrochem cal furnaces. Table 1 bel ow presents the heat
gain and friction | oss evaluated by sinulation for two tubes of the prior
art and two 15 tubes of the invention. Tube dT(C) dP(Pa) Prior tube 1 00
Prior tube 2 23 65bsqubelidfianed livnvdhtricoghltE9s 1846hJabet of i heod et itan 1

39 900 choof® PhbOhatibeal b8 anbubg W Lhcareihgukar +npt ernal. surface
in cross-section, 20The prior tube 2 is a tube whereof the internal section
has hol | ows SREHrbtibetaddds H4%e that obtai ned by the methods descri bed

in applications BR:i98Q 429 tand WOtG3H01+5@pplicable to all types of metal
5 tubes, whether they are forged or centrifugally cast.

As an alternative to electron~beam welding, one can use
laser welding.

One could also consider different geometries of the bars.

One can also imagine the presence of bars on only one

10  portion of the length of the tube to limit the friction
losses.

In this sense, one could consider having the radial bars
assume the form of segments regularly distributed on the
length of the tube.

15 The welding method for manufacture leaves great freedomn
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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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. dT is the difference between
the tenperature of the gas at the outlet of the considered tube and the
tenperature of the gas at the outlet of prior tube 1. dP is the

friction | oss between the inlet and the outlet 5 of the considered tube.
One sees that the heat transfer gain is nore significant for the tubes of
the invention than for a tube including hf£A9M§ and protuberances on its
internal surface. Regarding the friction “6ss;-the friction loss for the 10
tube of the invention 1 is nore significant but remains acceptable and the

friction |oss jnatheptubeef 1t1hepé@z\/&ménonc% |Sr@m1e{cﬁ:| Vs Sadih SEagt RY g
These results s ow t he effec i,veness in Hgat exchan and frlctlon

| oss of the®tub&df the TVEREEn. 18 Th Gﬁé§?§n| MEPPHe bars on the 2
internal5facenotiaug@beybycaﬁﬂdlmgxfrmnxkheiGMMSlde ot@BherPabetpneseams
many advant §9§$aci ory a lo?' r%haza L§¥95ﬁ§ Ehet @%er tt' Oﬂmqf ¢ Q@V{j&gS{OI’

fastening bars inside t ube, making the manufacture of

sinpler.  ©°ne KBrésver, Yﬁﬁéﬁhﬂﬁf%ﬁ%ﬁﬁwﬁﬂ%ﬁl%MSU?égl@%edconnectﬂbﬁ*be@%een
the bars andhbhEaI“Uonuﬁ E@F)Lgmeuaierrrﬁ;ﬁll Staddag dihehl@e&hiﬁ/gdfméﬁhaﬂhlﬁ@l to
operating stresse ube_at_.hi r reover..the extra
wei ght prov?éed Sigfﬁgﬁbgﬁgelsiﬁucc'%%séﬁ ? ?bﬁatUSFovﬁhed %? ? seam
protube}%nc@gtandln@efhemlmM§(ﬁXﬁdﬁﬁﬂhmmglbe@ﬁrib@dtmﬁeth@uﬂnﬂm@atlons
for patentsER.980729.angd- WO 03, 011507 since one sees a reduction of the
extra wei ght by about half on the tube of the invention. This 30 allows the
tube of the irrehtTor ¥ bECHBF& 2dsily Fhathl I'ed sligpentetFaitH@ that
furnaces. severMdreovergcidd s seamaénsuressa tmmfnakthId@a bekmeenafhﬁ
tube and th i ti.onally r.o o]

possi bl e togéﬁg%%%u¥%d it %@Tgﬁg%%&¥ﬁgﬂLé¥é Qch% F%S to t%p ater ug%ﬁ%
condi tibns 6f the tube: But also, this nethod is applicable to al
types of netals tuhes . weethers hey aJ@ 5@«; g@ﬂgorofced'l{d’|ﬁ>b@@é&l¥n§a§§almo,
As an alterngtlve to. el ectron- bean1 é g .one_ can uaéﬁlaser weldln%Jé
coul d al so EOREFEFT T eﬁ@nt}ﬁﬂon%f?le f ithe" Bard 9'dde chh LAreBsy @?ne
the presencecotibars on only one 10 portion of the length of the tube to
limt the fricti I S hi 9&9- side avi ng
t he radi al bafi ggguﬁéﬁﬁhaCFg{ﬁﬁgé s%@ﬁéﬁﬁgpig u ég%ﬁihf%ﬂdigd¥%%Lt%p
length f t ReTPEBESS15ThE weldrfefet Rodifor ﬁﬁﬁﬁfa&%u?% | BaGes rgpBART 1Y
freedomto @ﬂ@@&}@bb@éb thecwmt erdal sz 110y ke used jand:thhe canki gur ahi:ona of
the bars to Qe resul in.an ffectlv ness . as | east qqﬁl &ge

that of the knomﬁ’ %é% M'th |ﬁ€gease |nt%ﬁ%%J §ur€§tlre WARY
t ube used |mupetr@@@@m@taﬂimreﬁotﬁrngl st gam terrackisngpekween ectO r eddct 6N

iron heating;fiurpacessthat4 s;@ egntridugalby, cast, tube spdesfroma,, 4
creep-resistant and refractory all oy, characterized in that it includes at

| east ofe af'fagRed”radrar Ba?”?a%?eﬁéélb\‘jeﬁﬁdl AglaBagedbf Petween Joand

I

5 millimeters.

5. The tube according to any one of the preceding claims,
characterized in that each bar is fastened Lo the internal
face of the wall of the tube by a continuous weld line.

30 6. The tube according to any one o <laims 1 to 5,
characterized in that each bar is fastened to the internal
face of the wall of the tube by a discontinucus weld line

7. The tube according to any cne of the preceding claims,
characterized in that it inciudes, on its external face, at

35 least one continuous or discontinuous rib resulting from the
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the bar close to the internal face of the wall of the tube, to the
internal. face of the wall of the tube by a welding seam 10 extending from
the external wall of the tube into the base of the bar. 2. The tube
according to claiml1, characterized in that

sever al att achedr adi al bar sareprovi dedregul arly distributed circunferentially

on the internal face of the wall 15 of the tube. 3. The tube according
to any one of the preceding clains, characterized in that each bar is
rectangul ar in transverse secti on. 4. The tube according to claim 3,

characterized ;Ln that},sli;C conpr i Se%l si x attache radlg pbars which are
regul arly di SEribUY edl citPEURPEFel a1y BT S ntarhablt 408 &R lthe e of
t he tube andtuhecﬁr@v(tmﬁj a@veridehe ferthier eubength of the tube whereof the

i nternal diametger n. 1. e d t each_ bar
has, in cross- 58‘20%11:1%”@%@’9%@(:@9@%98 o r'}J émédB%S L%%I Ié%eét%ﬁs ggn(gpams’d h
bet ween 3 an@l&AFTEY MRS that ?acﬁh@%mb@dw%ﬁdﬂhgﬂt o gy omev Bfg ttHee
precedi ng cl abbowtharagteyd i28d: n that each bar is fastened to the
internal fare of Ehe vartT off fhe TUDE. DX ﬁ5ccnt| nuous wel d |ine. 6. The
tube accoi f Bing—E6 8RY  one—OF Pmpg?%l characterized in that each
bar is fastgned t® the |nternal fafo‘,e“di.zme waII of the tube by a

di sconti nuous vvell\gnl i ne. 7. Jhe tube agcording to any one of the
precedi ng clarns; characterized—+nathat—+t—+Acl udes, on its external face,
at 35 | east _ane_c@ntinuous ar discontihuihs rib resulti ng fromthe welding
of the bars on the internal face of the yall |jof the tube fromthe outside
of the tubef 8~ The tube—accordimgto—any one of the preceding clains,
characteri zed-in-that each har is %mdelih anlall oy having the 5 follow ng
conposition; Elenent Conposijtion(54C ®&0.253 Mh 0 - 2 Ph 0 -0.045 S O

-0.03 Ni 19 ~ 22

The rest being iron.

9. The tube according to anyone of the preceeding claims,
characterized in that the tube is made of an alloy having a
10 composition chosen from the following:

Element Percentage
C 0.45-0.50
Mn 0 - 1.5
5i 1 -2
p G -~ 0.03
5 ¢ - 0.03
B Wi 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

i9



S
iron, or E
WAddi ti ons

of one of ¢
tube by cen
characteriz
wel ding fr
the intern
ext endi ng f

0-1.5C 24 -

26 N 19 - 22 The rest being iron.
enent Percentage C 0.40-0.50 Wh 0-1.5 NbO.5 -
The rest being iron. 10. A method for
laims 1 to 9, conprising at |east a step of manufacture of a
trifugally cast a creep-resistant and refractory all oy,

ed in that it includes at |east one step for el ectron-beam

The rest being
1 Ti, Zr,

10 bar cl o4

5
met hod acco

m T he_ out Side of the tube of at Tleast one attached radi al bar
facetof-the- LLwei—Ehei?ubery which is forned a wel ding seam

ron1the internal| face of-thedival || of the tube i nto abase of the
eto ghe internal faceoof 6hg3mall of the tube. 11. The
v ol v\ﬂ + .l 1 H
Farfg—to—Ct atm-1t—characterized|in

Ni 43 - 48

CE _____ 34 - 37

Nb 0.5 - 1

Ti, Zr, W Additions

{5

1¢C

i5

20

The rest being iren.
10.
1 to 9,

A method for manufacturing the tube of cne of claims
comprising at least a step of manufacture of a tube by
and

creep—-resistant refractory alloy,

it

cast a
that

electron-beam welding from the outside of the tube of at least

centrifugally

characterized in inciudes at least one step for

ene attached radial bar on the internal face of the wall of
the tube by which is formed a welding seam extending from the
internal face of the wall of the tube into a base of the
bar ¢lese to the internal face of the wall of the tube.

11.
that it comprises at
into the

The method according to claim 11, characterized in

least the following steps:
- lnsertion tube of a bar-holder including at
least one housing for receiving a bar to be welded,

of the bars the bar-holder

the

- placement to be welded on

before c¢r after the introduction of the bar-holder into
tube,
- the placement of the bars to be welded in the tube at a

distance close to the internal face of the wall of the tube,

either by insertion of the bar-holder previously eguipped with
bars, or by the insertion of the bars on the bar-holder
previously introduced into the tube,

- electron-beam welding from the outslide of the tube of the

hars on the internal face of the wall of the tube, and

- removal of the bar-holder.
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manuf acturi ng the tube

on



that it conprises at least the followng steps: insertion into the tube of
a bar-hol der including at | east one housing for receiving a bar to be

wel ded, 15- placenent of the bars to be wel ded on the bar-hol der before or
after the introduction of the bar-holder into the tube, the placenent of
the bars to be welded in the tube at a stance close to the internal face of
the wall of the tube, 20 either by insertion of the bar-hol der previously
equi pped with bars, or by the insertion of the bars on the bar-hol der
previously introduced into thb tube, el ectron- bean1melding fromthe
outsi de of the,tube of, th s .Qn t he i nternal fo th

tube, and 25- rgnnval of qﬁl ar-th&eiacafﬁlﬁg L?% ﬁand?ac Lﬁ#?&ﬁ?he
t ube of one bft@Iatnﬁhdr@©t@rl@@%r@mt%ﬁ&?eﬁt|¥n¢luﬁeﬂtaﬁ NGFUﬂESOQﬂ 1 east -

one | aser - begay el &i dth $taRf 1Bt f%@qe%b%lsti@eogft Pget UlS: Of ¢ aét'F@ééL O

radi al bar on e.internal face of the wall sai d tube 5 10
ra ctizhal bar on the internal face of Lhe wall of said tube.
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