Et hyl ene cracking furnace with nulti-pass radiant coil 5 Technical Field
The present invention relates to petrochem cal engineering field, and nore
specifically, to the radiant coil structure of an ethylene cracking furnace
;J d into petrochem cal engineering. Background The et hyl ene cracking

hni que i ochem cal ethyl ene equi pnments nai L ude
t hose devz%%é%dé‘?}o@% S Co. (USA), Stone & Webster Co. W%ﬂ?@qﬁglog &
Braun Root Co. (USA), Linde Co. (Germany), Technip KTI Co. (Netherlands),
and the CBL cracki n%ltf rnace .eveiJ oped hy China Petroc enilcal Cor por ati on.
20 Fig. | A shows a @ﬂF'&"a‘]’““é upnace Mt mylfi-passradia 601 i ch conpri ses a
radi ant section 11, a convective section 13, and a flue section 12 | ocated
bet ween the radi ant section 11 and the convective section 13. Wthin the
radi ant> section 11 a set of nulti-pass radiant coil 14 is provided in the
central pl . the radi ant section 11 along the | ongitudinal direction
t her eof . |?}&§3§ﬁaﬁ?‘é’%‘b the radiant section 11 is further 25 provided with
bott om burners 15 and/or side burners 16 for heating. Mreover, the

et hyl ene crackin urnace 10 further conpri.ses a .transf i ne, exchanger
T h gl cutirt epaa e e sRe e o sRe BERE Fiih1 8% R
Nowadays, dpacifiegily, a@nBah@antdcdiPYiructti® 6f ¥n REBMere- &AcUIBE @Hithace used in
medi um sel ectivity radiant coil with or without branches of variable

di amet ¥ s pedroghepicalfpginsetiisi dence time thereof is 30 controlled wthin
the range of 0.4 to 1.0 second, so that the radiant coil suitable for
cfr“-gcki ng gas material can be also adapted for liquid material, with a
pr-oper opeBagkgyoumd/cl e and a satisfied material adaptability. The first
tube or the first two tubes of the radiant coil are of small dianeter.
Therefore, a quick tenperature rise can be achieved since the specific
"fsulr }‘ ace ar’Eﬁe ehylehe gmﬂhihgwﬁhameglnserdubq?trbsheﬁrﬁd:eatethy&iny dqaipgentsTheinlt uﬁes
ol l owi ng t second. tupe are e di er, in order tq,reduce the
ot | ookt asgRdR dhssgteahed o o MAHE" 6, IRAE St iebre & VIS, b ant
coi | used games CBMOWRE @8 4UBAY- IihdP 0. 2(Cerimiy), YRR Ay k13- Lot ype and
2-1-1-1 type, etc. SFor the radiant coil 14 of the prior arts, all tubes
t her eof ar Nejksilonay)l ynd ghe (Gl wraskingn fetace rdeyelgneh b ahigagletnshemisdl
di rection Qf)rgfoh&ﬁoqr In the nmeantinme, the tubes are connected to each ot her
I

W th common ows. Fig. 1B shows a typical arrangenment of multi-pass
radi ant coil of an ethylene cracking 10 furnace in the prior art. As shown

in Fig, 1B, t | ti-pass.radi.ant coi.l i S four - pass radi ant,. coil,
conpr 2 noFiena Tests § RRCH AEHEN eBSkae: Hiale To REGHAFPARE 2 Buighh | he
fourth tubgcdoll Dngedivectivelestidd P3Y ol laeflitel SRBtidr 12locatkl ®BIWeRH tthd Rdlanght 1 n
the drawi ng). The first tube 1 is a Y-shaped branched tube with varied

di anet er s. Seafipn tileandothe eqnyeetivgr eectipmtlidal Wighigrthe igdiant secierddneect ple. | the
second t ubg,@; Bek NI ARIRGis provided in the central plane P of the radiant section 11
along the longitudinal direction thereof. In addition, the radiant section 11 is further
25  provided with bottom burners 15 and/or side burners 16 for heating. Moreover, the
ethylene cracking furnace 10 further comprises a transfer line exchanger 17, a
high-pressure steam drum 18 and an induced draft fan 19, etc. Nowadays, in most
companies a four- to six-pass (~60 meter) medium-selectivity radiant coil with or
without branches of variable diameters is used and the residence time thereof is
30 controlled within the range of 0.4 to 1.0 second, so that the radiant coil suitable for
cracking gas material can be also adapted for liquid material, with a proper operation
cycle and a satisfied material adaptability. The first tube or the first two tubes of the
radiant coil are of small diameter. Therefore, a quick temperature rise can be achieved

since the specific surface area of the small-diameter tubes is relatively large. The
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15 spatially between the first tube 1 and the third tube 2, and the third
tube 3 being arranged spatially between the second tube 2 and the fourth
tube 4, and so on. That is to say, each tube is arranged spatially adjacent
tq the one or two tubes that are consecutive to said tube. In addition, the

t ubes ar e%&%@%ﬁ%@%&hﬁl@@&:@n@ttﬂﬁé #Y Rl lﬁfarrfe%ﬁ% REGOUS réfce thg- 1B

further shows al es and the elbows are |ocated in 20one single plane,
i .e., theinfbeness omiaking FensitivitieThe Siwmpesswediuonselactvith iradiang modarsed

arrangenent .. the .t ubes agre.spatially arranged j nceq «Singe the fluid
flows al of“i%jrl P%%On%fl{el%-a as lrslataﬁ’%?t ﬁ)c{orla{ypg’rr!lo‘r?nqt ingrpg ?g(&sl?qtﬁtl)é e(3)8§he second
tube, then to the third tube and finally to the fourth tube, the tube wall

tenperature of these 25 bes. is gradual]y increased in this order. In
ot her #or &8¢ th%éade%ﬁ@ﬂlamo ‘ot e s ol g BRROT e Lencilly SRR ¢ ubes

i s graduabipinidaGhanRtcd AohPtR 8w aAlrectibRTEAL an IRIMEARMES B Atur e
distributionis generated in the radi ant section. Mreover, radiant heat

exchange wphnecteddo caohi atberpeithwammonelbawgh- t enperature tubes, i.e., the
third and the fourth tubes in this case, which would negatively influence
on reducing the tube 30 wall tenperature and extending the operation cycle
of the fuFigpd® shbusthgpioaraerangemérht ©f multi-pagsasdiiantadil afitn eibylenetrackiagpr i or
arts, the tubes, are connected {o each,.other by ans of ..c n,el.bows. This
. Sndber FHBRE OB BEi Sh SHPR B o BE RGeS SHUET AT 81 i hese
tubes. I n feudRRErddidie cOPdortprRihg the fitktlthbeeBStht ¥edofddubel ) thetihidngbeB t ubes,
Iiotering the lifetime of the radiant coil and therefore shortenjng the

oper

opr at i on 289 dhe feuidr wbe 4alenarthe druid Hew divestion dhe-5 fioghsifuts Fighf 1hEedef ect s
in the pr 'fd%wiﬁg}. The IS t%@?‘?%‘ﬁ Y—é?l‘égéﬁ bﬁgclé!drfﬁbet Qitﬂrvaﬂécﬂﬁiaﬁl@te‘?st. | gre
e g a mlt , whic

cracki ng furna havi n i -paSs radiant col i ncludes a novel
t ube arr afgenmhes arhapateadly drrquged én sdvpeheeai.cnthecesndid tube Zbeing atrangsedabl e t he

t ubes being heated more evenly. In i ti.0 t rnesent. | ng i further
ai'me (5 prOvias Bova terorontech defiiy Hial ke HURE Wi RS sale L ane
coi |, whi eiraggel patisincieetivben e cbasiidaabe D atpthetfb@sh tfbe Unend sdb@rthacs |

i ncrease the on-1line percentage ofiébhe cracki ng furnace, reduce the

oper at i on @ 58¥,, eaé’hd“@@(tl%ﬁﬁafl pRet YrﬁgJaG‘Fnttti‘?eg‘Eo‘?I}e e ﬁgbeép PafiConal

cycle of thRseifedioNGid #bBaGEddition, the tubes are connected to each other by means
of common elbows 35. Fig. 1B further shows all tubes and the elbows are located in

20  one single plane, i.e., the central plane P of the radiant section.

In this typical arrangement, the tubes are spatially arranged in sequence. Since the
fluid flows along the multi-pass radiant coil from the first tube to the second tube,
then to the third tube and finally to the fourth tube, the tube wall temperature of these
25  tubes is gradually increased in this order. In other words, the temperature of the first,
second, third and fourth tubes is gradually increased in this order. Therefore, an
uneven temperature distribution is generated in the radiant section. Moreover, radiant
heat exchange will also exist between the high-temperature tubes, i.c., the third and
the fourth tubes in this case, which would negatively influence on reducing the tube

30  wall temperature and extending the operation cycle of the furnace.

Furthermore, in the multi-pass radiant coil of the prior arts, the tubes are connected fo
each other by means of common elbows. This is undesirable for absorption of heat

expansion generated in each of these tubes. In a long time operation, it will easily lead
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15 According to the present invention, an ethylene cracking furnace having
a nulti-pass radiant coil is provided, conprising at |east one radi ant
section. In the radiant section there are provided with bottom burners
ang/or sidewall burners, and at |east one set of nulti-pass radi ant coi

l ongi t udi Qﬁ'ﬂe}{diﬁ%%fﬂﬂ)%g, 1b0«efi9§tﬁeﬁ%ﬁfi‘k oPFIR! afiAne &4?%1%' HeleRffe Blricnimass
radiant coil 1s our- to ten-pass type raglant coll. At l|east one tube of
t he 20 nulthé opearsison gytleathereodi | is arranged to be spatially adjacent to a
tube which is not consecutive to said at | east one tube. It should be noted
that with regard to the first tube, the tube consecutive thereto is the
second t ubRimmiakof @dnderitiont he second tube, the tubes consecutive thereto
are the first 25 tube and the third tube, and so on. Wth at |east one tube
of the>mlti-pass radiant coil being arranged to be spatially adjacent to a
tube whi chodsidi@hg GROASKELS Metht DrioRerRl (HeGRtedenP R chHRE aintidpRlidecAst one -
tube can be spatially adjacent to a tube having a tenperature not close to
t hat of saithlylene rragking dnwmace bavinghemaltopass redientespdln vihagtp inchrdgs @ novel

di stributi 1.5 hi r.ad] Chi zan .effectively.l (o)
consequont e iehehl S 2 Hr e dRab B WRIGILET B S Bl s

| ower ed, adng hetted merd edaaly. ik additivhethe gaé¢sant ineaitlonafadhérheme pe padvidnal

cycle of the cracking .furnace can both be extended. According to an
enbodi HentAEHY RES PACHERCRARRRSHS TUHEPIS SRR ol BB 5N CARIREIES - pass

radi ant C%Ec}ﬁhﬁaﬁ?f@éﬁ%ﬂ sotHRersipat i Rl YnddoRe Al ameiie hb&cORsde 6F hgE . Since
-3 the last two tubes have the highest tenperatures anong all tubes, the

thérmal r adpekingfirnace| wdnessthe pperatip cofit.gind cxiepd the lifedme @b di oilpngdhe
ffectivel T f t t f th di ant il
effective Mﬁﬁﬁ ﬁ%ﬁﬁ?kﬁﬂggﬁégﬁﬁﬁ%hgﬁ?ﬁ”r ace tenperature o e radiant co

can be further ed, the lifetinme of the radiant coil and
the operational cycle of the cracking furnace can be 5further extended.
Accord]esng }5\0 anot ktler errbod'hmant .of th reseni(.i nvent i ?1” . the fli.rst t ube
and t he | 2at°Y B8 ‘G e RIFYRh RGN AR TR G Tecking WEce PRULE S HPaihol e
mul ti - passratiei et isqRoVided Tpaptisinglay leadl drRradibhtiRbton. TN tRNedRaNewplien at

| east one of the first tube and, the | ast 1_0tub§ of the |.ti-pass r?di ant
coi | is notersrare prpyéiedwitihRotiwm Buimers agdios sidgpakd Suers; prd at least one set o

multi-pass radiant coil longitudinally arranged in the radiant section; wherein the
multi-pass radiant coil is a four- to ten-pass type radiant coil. At least one tube of the
20 multi-pass radiant coil is arranged to be spatially adjacent to a tube which is not

consecutive to said at least one tube.

It should be noted that with regard to the first tube, the tube consecutive thereto is the
second tube; with regard to the second tube, the tubes consecutive thereto are the first
25  tube and the third tube, and so on. With at least one tube of the multi-pass radiant coil
being arranged to be spatially adjacent to a tube which is not consecutive to the at
least one tube, said at least one tube can be spatially adjacent to a tube having a
temperature not close to that of said at least one tube. Therefore, the even temperature
distribution within the radiant section can be effectively improved. Consequently, the
30 surface temperature of the radiant coil can be lowered, and thus the lifetime of the

radiant coil and the operational cycle of the cracking furnace can both be extended.

According to an embodiment of the present invention, the last two tubes of the

multi-pass radiant coil are arranged to be spatially non-adjacent to each other. Since
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whol e nmul ti-pass radiant coil, but in the mddle thereof. According to one
enbodi nent of the present invention, the tubes of the nulti-pass radi ant
coil are connected with each other by neans of connectors. Since the 15
teyperatures on the walls of the tubes in the nmulti-pass radiant coil are
di‘f f erent t t ' k nt tubes
w11 bo aitF BLSR6E S e el Rl FEP ARSI BRLBR WO SRR AER™

| east one iofimree fiom thedagietmperathee fubssecandsr dffcofivdlh ecduaed. diitereferet then is a

conbi ned connect or_ cansi st j.ng qf U- shaped. el bow and, t - shaped el bows

| ocat ed atsur}ﬁ © §E§‘£‘r§ %ﬁl ﬁ’&sm&*m kel @agﬁ’ipfé’ﬁtl]’@i %Wr% gr,‘l@stg@%ttf’f)@'eﬁ‘?. Wth

t he above otk € he AIANAHE COil a0QMBE ShdrAMbRAf cyels bABRM edhORIARE ddnRaped

el bow, the thermal stress generated from heating and uneven burning at the
opposi e durther exfeaded.of the coil can be absorbed. Accordingly, tube bending
due to the thermal stress resulted from any possible reasons can be
prevented. In this way, the nechanical properties of radiant coil are

ef f ect i vel Acdonfing teeghotiGoresdapdenedtyof tizapreseat iRSnidors thvefitsi e dué theolastube

bendi ng can, be avoi ded, d thus, both of the lifetine of the radiant coil
and the onlpedroitHeE]a RS eoPie gy L mRae BBl Pl |\ “one
exanpl e, trogpebtildy AlferhdiveBemd bat cpimple, Afledshond afliRMirssRIGE iagd tids Rstar r anged
as not bein sFa_t@i al ]y adjacent to each other, and at_  both sjdes_of the

centrai® pitabe ot HisrBuliorass sadipmd\qodeld naf erfaragd At tefuaprasty oBter SI9ehahd el bows
connect ed oa 12 PRRAGHIISHIRON. bikiNn MECRidAN: BEcaNgenent, the tenperature in
th? radi ant section 1s nore evenly distributed, and the distortion caused
by’thermal stress can be nore evenly absorbed. These S-shaped el bows have
downwar d pz&(?do?cﬁbé 00 SnP Hdbliflerk i Bk 'l%ven%rgn,a&le!tﬁ 3o HE nﬁilEi-t gm has a
downward projectron 1S not paralle £o downwar proj ections o e others
due to strradianr abil rerequicnaseed svitil idseniclesr by Imddns hefpeshrettbowsSinan tlal so have

downward projections parallel. to each other., These arrangepents are
advant 12gedgEPPIrSt A R s 2T i (OB Ry Ful-pess Feiet ogil afe AFeredt PRe above
enbodi mentegch bofiRr, GREBNRE &@ANEEH Befvcch RS iafaci tEbesSVINRPEKRDaKg and
U-shaped el bow, for connecting the tubes in the | ower &%rt of the radi ant

section, fispying pribeimad seessaliconsseamplyy ahlsest paa Forngetor insated divths lewetve in
t he side vj [ i e ' [ Ml | ceto
Figs. 3. A o B AR SckiOF KEOTREENRET BERRIS BalBhl ba Y- bk F LR

and two S-shaped elbows located at the opposite sides of the U-shaped elbow

20 respectively. With the above combined connector consisting of S-shaped elbows and
U-shaped elbow, the thermal stress generated from heating and uneven burning at the
opposite outer sides of the coil can be absorbed. Accordingly, tube bending due to the
thermal stress resulted from any possible reasons can be prevented. In this way, the
mechanical properties of radiant coil are effectively improved. Consequently, partial

25 overheating due to tube bending can be avoided, and thus both of the lifetime of the

radiant coil and the operational cycle of the cracking furnace can be extended.

In one example, the tubes in the central plane of the radiant section are arranged as
not being spatially adjacent to each other, and at both sides of the central plane there
30 are provided with equal quantity of S-shaped elbows connected by a U-shaped elbow.
In such an arrangement, the temperature in the radiant section is more evenly
distributed, and the distortion caused by thermal stress can be more evenly absorbed.
These S-shaped elbows have downward projections parallel to each other, or at least

one of them has a downward projection is not parallel to downward projections of the
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10 Furthernore, sonme conventional el bows which are not in formof the
above- nenti oned conbi ned connectors can be placed in the central plane of
the radi ant section. These arrangenents w Il be advantageous for obtaining
a gonpact structure. As required in particular processes, the first tube

cah be a b&ﬂ%%ﬁ th WeGicthe rE@ui%’ 2 dnd 1 I AL, A1SU-sBEpeA UBLWA cdNBsd hawd and

the second tubes are branche es Wth varied diraneters. The present

i nventi on ¢owswartd projhesions iphalleitg cachvathemdbese avengenieatspué advantageous(fvd  si nce
t he hi gh-tgbntgleriat ur e tcL)lbesc %g,gctt t%e | owt enperature tubes are arranged
alternately IR YHY §OPB7Th Brarti al interleaving arrangenent, the heat
radi ation influence fromthe high-tenperature tubes can be reduced, and the
tubes with | ow tenperature can absorb the heat fromthose w i gh

t enper at ur B 2kt 4ng aagyer omb ey b o COBNPHRIECPFISHAR O_tf §-shaica

hi gh- 1t enpegigbis Gnd YREMPEABILBS, f&%ﬁﬁ&ting?@t R8¢ inGhe fdWRer Phﬁ%?'tﬁ@ra@fan& he

radi ant coil and the operational cycle he cracking furnace can be

ext ended; sastion, foym 23refjle @f astpsed simmetricd arbeansingoystovere inflansidonwrvn el bows
to connect t.1 O t L : i . pr rt f e

radi ant co?”?l&%a‘gmbgee %E%%Eefdi gc%gon‘% F’gg%%% \g\%g&% J\%ﬁ%cﬁqii%&gg%gh?}a{g?é%gp%&;r
absor bi ng tlhewmaiy st fomsisd geneioat 6dmdy tenperature differences between two
adj acent tubes, thus preventing the tubes from bending due to the thermal
stress!0 avoi di ng partial overheating due to tube bending, and eventually 30

extendi ng pgfRerildfe, ORBMBL IRAVEHDIE Of[béNE GHRAKIAEG hir NACEfoARd drhanti fetime
of gt he radiant coil. Brief description of drawings Fig. | Al\ shows a typical
et} @

yl ene crbevermentionedh sembinedoeainggfotsocarac pilaced 1arthe cenigalipans, ehdhe
Sond e’ A { . i c
ypi ca Ok@mgﬁ%éa{o%. FRle ngfoi’%{lgﬁg%@ééc%yf E% %&%Ea?e&gs ﬁ’? otb'fh?mﬁg:aog?lﬁ;sa&ﬁt

Figs. 2 to ow el ght e ur-pass radiant co
et hyl ene crtagdtimgAfueqard iageotidilargrocessdse thpr st hitbeicandetd brapchedstpbet i vel y.

Fi gs. to.31 show.t ty-t di t f six- [ il of
ct hyi et oo R ATERS 3k BOGTBe BT D B sl RS e PR b e Bt vel y.
10 Figs. 3zihSasbddiahdrs.enbodi nents accordi ng to anot her aspect of the

present invention, wherein the connectors for connecting the tubes forma
profile of continuous curve in the side view 15 In each drawi ng, the sane

or sim | ar ThelRiERGRVANTRGede AL RRTAR WiRE :SANBIEOTRRMEN britl arlt (1Y GindE €
the high-temperature tubes and the low-temperature tubes are arranged alternately or
20 in a form of partial interleaving arrangement, the heat radiation influence from the
high-temperature tubes can be reduced, and the tubes with low temperature can
absorb the heat from those with high temperature; as a resuit, the temperature of
surface of the high-temperature tubes can be lowered, and both of the lifetime of the
radiant coil and the operational cycle of the cracking furnace can be extended; and (ii)
25 Dby using combined connectors other than common elbows to connect the bottoms of
the tubes, the mechanical properties of the radiant coil can be significantly improved,
which is advantageous for absorbing thermal stress generated by temperature
differences between two adjacent tubes, thus preventing the tubes from bending due
to the thermal stress, avoiding partial overheating due to tube bending, and eventually
30 extending both the operation cycle of the cracking furnace and the lifetime of the

radiant coil.

Brief description of drawings



It should be noted that each connector for connecting the tubes in the
| ower part of the radiant section respectively shown in Figs. 2-31
simlarly fornms a profile of 20 continuous curve in the side view although
nbz shown. That is to say, the side views of the conbined connectors in

S

e figUF 18%Rows ng’ alE gfefl@%ﬁcﬁﬁl 'fﬁ‘mEde%cox?&gftét rforartt N€ | ower

portions of | gs. des ription o he | ventlon 25 In the
foll owing the present |nvent|on will be discussed in details W|th ref erence

to the acc i n [ be noted that the pres I nvention
i s Lo pr SO oo ENRER g AR P 8Bt REGhdRe P AROERET | on”or ¢ he
et hyl ene cracki ng furnace. Clher structures in the et hyI ene cracking
furnace g % (o30) ect sectl? , the 30 tr er I|ne exchanger and
t he ||k% fa gl&ﬁ)” ’E“ﬁ%tsr?if OHH-pass radiggf o rﬁé‘leé YRR f er
l'ine EXChaﬂﬂ'ﬁéce%Hééraﬂk% Hﬁrprééeﬁt ﬁ%&ﬁﬁiﬂt rés;?'ééﬁ@élyon can be doubl e-coil
transfer |ine exchangér (such as |inear transféer |ine exchanger, U type

transfer |line exchanger and the first |level of two-level transfer line

exchanger, F%Cld to §PQP[(§’PE\!V<9@§ tw?%glg%pim%}]ﬁﬁf&? b & rall ntqébllcgfténr anyt eﬁé ' | ne

exchanger . r eover era resen nvention

sui t abl e f oracking flknag agasrdirgtte thepresand idventiindrespdotivelal , and can be used in
bui | di ng new cracki ng furnaces or reconstructing existing cracking

fur nace‘g. These are known to one ordinarily skilled in the art, and thus

their detaklg. BheyseghovafBuoBinbbithedf! Becording to another aspect of the present
' ) invention, wherein the connectors for connecting the tubes form a profile of

continuous curve in the side view.

15  In each drawing, the same or similar reference number indicates the same component

or structure,

It should be noted that each connector for connecting the tubes in the lower part of the
radiant section respectively shown in Figs. 2-31 similarly forms a profile of
20  continuous curve in the side view, although not shown. That is to say, the side views
of the combined connectors in these figures are similar to those of in Figs. 32-35 (i.e.,

the lower portions of Figs. 32-35)

Detailed description of the invention
25
In the following the present invention will be discussed in details with reference to the
accompanying drawings. It should be noted that the present invention aims to provide
improvements on radiant coil in the radiant section of the ethylene cracking furnace.
Other structures in the ethylene cracking furnace, such as the convective section, the
30 transfer line exchanger and the like, are already known in the prior art. For example,
the transfer line exchanger suitable for the present invention can be double-coil
transfer line exchanger (such as linear transfer line exchanger, U-type transfer line
exchanger and the first level of two-level transfer line exchanger, etc.), conventional

boiler, bath boiler or quick transfer line exchanger. Moreover, the radiant coil of the
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5 Four-pass radiant coil Fig. 2 shows the first enbodi nent of four-pass
radi ant coil according to the present invention, which can be used in the
~ethyl ene cracking furnace 10 shown in Fig.1l, for 10 exanple. As shown in

Fig. 2, along the flow direction of fluid the coil is divided into four
passes, i . Gesent 'i‘rﬁzeﬁﬁér?&arf H@%ul%able ﬁﬁ &Wgﬁs%ﬁteﬁal Adweriquhd rn‘ijatér}hll’earf%l and the
fourth tube 4. The first tube 1, the inlet tube, I's a Y-shaped

branched tisebanised Mabulblmgihammg Wihasks o8 redonstaudyink reigting rerackengpr i or

g;te- c-cl)-gﬁel: Bl \E/\ny?ﬁlesééacﬁ 1("ntohert0 Qe eréHQf Skél(l)er(liir\@c[‘lg(r&ét %@ %"&l Zl%lﬂeﬁleté! Lubes

cont ext, tﬂhereoﬁm*aen’ﬁmd]imé.ween the first tube and the second tube is
referred to as connector 21, the connector between the second tube and the
third tube is referred to as connect or 22, and the connector between the
third tuberagdpdsd@adiaht tdil t ube is ref erred to as connector 23, and so on.
20For convenience, the wall tenperatures of the first tube 1, the second
tube 2, the third tube 3 and the fourth tube 4 are defined as Tl, T2, T3

and T4 r esp%c§| g\ky thel {irrs'l §Jinf)8&>iqleh OPP(QE 3?&5%%81#1@%}161 chi)ﬁlﬁ%ﬁ) ﬁ’lr F?y

reaction carri e out’, enperat ur es ) gr
i ncreased mvertigpnt hichl caw betiusedt fri thie etiishate dracking Sanace TD sh@wil &1:]}"1%_1 Z5r As

shown, _ t he f| t tu the fo u ectiv ed at
The opbbo: e As Bubdf e chalopg e Pt deadn it rag AR Cae & BEES: & ng
to the firfurpahediseite, ﬁrbtﬂﬁb@@ctﬁegedoﬂb%b% 2201 thit@ nibRisr £hdtthd Soudthatiee
spatially arran ed so that the third tube 3 is pl aced hetween the fjrst

tube 1 and*t hbe dEstotbe tlyge-otheiglet dubggs saeé’tﬁhﬁlpqdub@n@eidstubP JHy vededween t he
third tUbedém%{%iJs Wh‘?chfl%q;ré 1R6min tﬁé]ﬁ)rflé}'aﬁ Fhé BROEIENE; tﬁé“ﬁuhﬂ‘tﬁlﬂ: @0 tube

3 having a tenpefature o I's spatially adjacent to tRe first tubé
havi ng a tertberoatletrtgb@fAmtueﬂsohrc lsenmetadndith ghdh chhlaby mggans & pareatons e of

$ﬁ at qu£5 spgf ggl n%/ ‘,lilzso con%extf {h%né(}nlqgctgrogetwee HP ﬁrst tlﬁ)\él aql% %e (%%1 rt%{)ej rif? of T4.

referred to as connector 21, the connector between the second tube and the third tube
is referred to as connector 22, and the connector between the third tube and the fourth

tube is referred to as connector 23, and so on,

20  For convenience, the wall temperatures of the first tube 1, the second tube 2, the third
tube 3 and the fourth tube 4 are defined as T'1, T2, T3 and T4 respectively. It is readily
understood that with the cracking reaction carried out, the temperatures of the tubes

will be gradually increased along the flow direction, that is to say, T1<T2<T3<T4.

25  As shown, the first tube 1 and the fourth tube 4 are respectively placed at the opposite
outer sides of the four-pass radiant coil. However, according to the first embodiment,
the second tube 2 and the third tube 3 are spatially arranged so that the third tube 3 is
placed between the first tube 1 and the second tube 2, while the second tube 2 is
placed between the third tube 3 and the fourth tube 4. In this arrangement, the third

30 tube 3 having a temperature of T3 is spatially adjacent to the first tube 1 having a
temperature of T1 and the second tube 2 having a temperature of T2, but spatially
spaced from the fourth tube 4 having a temperature of T4. That is to say, the
temperature in the radiant section 11 is distributed as T1, T3, T2 and T4 from left to
right. In view of the relationship of T1<T2<T3<T4, the arrangement can effectively
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tenperature in the radiant section 11 is distributed as T1, T3, T2 and T4
fromleft toright. In view of the relationship of TI<T2<T3<T4, the
arrangenent can effectively reduce the uneven tenperature distribution in
t'he radi ant section 11. In the neantinme, since the third tube 3 is

"atati on "PU bR By icp AR A ALANI bRS T BRRioh e GO T,

t enper at urmactha tHned atbed}r i'sedpa;‘rateafrd:m) theofvarth tiie &\/ﬁirbug}empeseaﬂﬂrtabe 2f the

third tube, 3 rt he, 4 nsequent |y, -w ngenent
accor di ng 1% &H@ F ‘?ﬂ}gh‘flﬂﬁ t@ﬁ?@‘lﬁfﬁ’ﬁ?ﬁ ‘F%H‘B’@r‘gt‘“ﬁﬁtj“ew W? adi ant
coi | can bempefatdiey cdn%é‘rbe@@@' at BIFovich ehd whletentRr@ires betheQhird and 3 he
operation cycle of the cracking furnace can be both extended. 10 In

addi ti dn, @chedeurtihiubget | Conspenty.uvish tet arrangementnacoprding,for the Jgsent adi ant
coil are n I t due to
it erent Phoening AR ERERERIIET! ol IR ool (TP (e 3Rl b G

undesi r abl theilifétiroe of ﬁleomﬁ hued Hief (ﬁtera‘m)noa‘ycteh(ac theickackipgr furdeics cpubpded; t he
connect or ZWad%ﬁor ding to the present invention is designed as a conbi ned
connect or, ' consists of a U-shaped el bow 15 41 and two S-shaped el bows
42, 43 respectively placed at two ends of the U shaped el bow 41. In this
way, the therpal stress due to different thermal expansion of tvvo adj acent

tubes ¥an Ieaddiions beepups thenwall trnmeratiares 9f Hihes di thegguliinpass gadiant g1l e t he
tubes due difretdi®HERl oAl R IiforAOLtss ilIl RErRIKENERIE ifterduh iRdrdrgP OF L he
ragi ant coil and the operation cycl t hyl ene cracki ng furnace. 20
I't 'shoul d dwangeedettrsn twe adjpeenbmtisdi whish, wold undasieblo mfleneoamdbe i ng t he
second tu n b I nt.section
is still gﬁ fgglﬁrf%m%f{e b%(;lp ]IE-% ﬁl'ils m%o seucr(l)ﬁlgé%‘te ro%lg %%)?%lng ?1? Se|tmr[1 t he
art that timeemmmeaimgna{zam commmd cehMWrcahmhlcsmhe of amlalmeqﬂdwuidw a

conbi ned ¢ tor c n 5 Usha ed el bow and el bows as
ront | ofed SbBUL SRR 04 B e oY el ghevoenduid Ly Lhuipst

i nvention. elHswEINYH ‘ﬁﬂ@dva%bﬂiéetheﬂrﬁhltst}@sspddeotb @fft@neiterhalb8paiord BEtwo

mul ti-pass radiant coil as well as the connectors thereof “are disposed in
t he cent r aidipgeahubes gan reabserhpdby the combined ronngetgose ha bspdipgtadirthe t he
tenper at ur gl 4 LRGN ohbacd D6 b AThAME: SRELIRR dleHARRYER RELANRE Q] L he
significant tenperature erence’ cause y t tubes | ocate Fativel y
far away. &mlthhepémtist cykbaltkherethyleae coackingdumece. he pr esent |nvent| on, all
four tubes are still arranged in the central plane P of the radiant
sectiofit However, as shown in Fig. 2, the first S-shaped el bow 42 in the

conbi ned cnekide iled HADQE tHINIMbOdibiaL, 'B&EoreRetof D2 @onnectifg tho¥bngnd) of
the first tube 1 extends fromits front end (logcated in the central plane

P) toward fuRe Qr@]élrthﬁéhlfd Boethia thaalpa?rtp%@:ttih%ﬁadwﬂ(sw@n istsHE appamopart of
the centr aéle{vaH%“Bvér il 1@%%1%%%&% o@%%l‘fe@l%et% Sirt®hat Eh% éo%ﬁéct&“ﬁb Lp one

end of the U-shaped elb in the conbli ned connect or . From the rear
par t of theommdnafdbms csmcalsonbe tr¢11§adgdswa'be@| oembmwd4gom1@nt9r anogsibtang pfacr oss

t he ce e.front of 1 d| an ower
part o t nt-BaRRFgpolRul &%epEORBThbs Heniho SRS BiETY B WiBRubfer ena
t her eof tOsddpéoSﬂﬁqmékeﬁi-lﬁhﬁﬂﬁﬂ el bow 43 in the conbl ned connector 21. The

second S-shaped el bow 43 runs toward the central plane P, with its downward
projection in parallel with that of the first S shaped el bow 42, and

connects t Qstrﬁ@ltlt)ﬁ&f‘ébo%e Cin(‘che ?m@r dri3aul tﬁﬂﬁrofﬂﬁpﬁluﬁ%ésg ?acﬁﬁﬁ‘éﬂﬂl ad W@ﬁ ad at its
rear end which is located in the central plane e second tube 2 connects

to the thith¢ qonpectas tharenfgie tih‘EOS@dnlméh,etQ@ntralz)lmlépéﬂlelrﬁdlahfeseémﬂ Hallnpl ane

P. The,t hi n t are
arr angeéi i {n}gségtglg ?ur? 1t Réin nﬁ&mei ﬁ%%ﬁﬁﬂ?&l ﬁ(ﬁé égcﬁﬁﬁ@g%%lﬂengu%'\ye%ﬂ?;b\ftg Swnvar d
pr oj ect i onthei sigipficaat teahpmtmre dffedence demsed lbynt}tehulses located relatively far away.
In the first embodiment according to the present invention, all four tubes are still
arranged in the central plane P of the radiant section. However, as shown in Fig. 2, the

first S-shaped elbow 42 in the combined connector 21 connecting to the rear end (i.e.,
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15 manner, two S-shaped el bows are arranged in the front part and the rear
part of the radiant section respectively. Therefore, the arrangenent of two
consecutive tubes being spatially non-adjacent can lead to a nore even
t@qnperature distribution in the radiant section 11, and at the sane tine
the di st oggd %e%ﬂ?)’ &f il % Ed%%rﬁﬁkteﬁdsrﬁ M 1€saﬂo£ee1ﬂb@6’cra%0inecﬁé'%9ﬁﬁ’al
Therefore, the surtiace tenperature o es can rther 20 reduced, and
the |ifet iplmed?) toward ahh mat pewidf thadadihe @p‘emmtll dhe.citel wpst patteofetbiay| ene
cracking furn c§ e nee can en fromth hat the
ot uot ure B e PR SERE, and oBReeRt <CBF Pedr BRI Subs AT on 1
advant ageaqlshaped elb@mgel ¢ &mmdngnﬁw étaﬁlectof\BKtFromt the rreaerﬁmobﬂthamilmﬁ
|ngtot eprese i nvention WI||

four-pass radia cor
descri bed Segton, ed. §% ﬁé.rw arlyrperase thegtenbinh Plgncohity the SHeat ur es

or corrpon@,aft%f%e faa%ft 'séH%nC{t}feﬁ%Gv%f‘barf bO el RAEA PR P anag Cﬁ‘g)@iﬁg? Wnlgl be
described, while the same or simlar features or conponents or ‘tfunctions

will be ombrrests atithe otlgr shdtheredfdoshe srroné Podupetbplbowf4X uthe sambineddi ant

I
23 for conyBRbigt he FBRE Baphpupabbos shid bl EEREMTbg P RENFRITZCLL
tube 4, i slosntmaaiiprojeotiah nijae&dﬂdmedﬂﬁhﬂmﬂthmﬂﬂseﬁdhaﬁedteﬂmvcmmnmedmaotsnect or

as shown in this .wa e nnectar js.also located.in .the
conty b ol B Bopfend, B¢ oiie RRYE et os PO B LbS ahun RS S oeh st

st ruct ur aliboate 1HRh@EerItfa§5lahBEPt Thé sddagd titest c&iﬂi@&@' kmtthlr&ﬂ%e%&%heaﬁ Iy
rra);uf actured at |low cost, which enables it suitable for sone special

cking fthe saenectos 22 dacated inthescaniiglypiane B hiteqthindqtubp &, rtbecombaimodi ment s
of four- p%%ﬁ%é ‘i?cﬂ “L%cfaté foﬁgﬁ%ﬂé 0.k Urfall dofneé% ﬂérrﬁ{&ﬂ{e}r it &ﬁ%ﬁ%‘ﬁ“ vely.

The third a ¢ ef dinents are general sare as the firs
and the séi:shaqjedarwﬁmdvsnhMEs dowsweah pmgﬁcylpnsemcelptallt:ha\ntht trehf othet Tnubis | is a

oIl e S URRER 35 A R Pop DRI e M0 o °

advant agecm@laﬁtosecﬁo@ eedptiively, aTHdr&lgra) 'the @Banganitent roa?qlalongoﬁswme gubdsi . 6
shows the fifth enbodi nent of four-pass radiant coil & ing to the
present i g1 sreHallsppr-Adpcent gan lfogd|t) & maresaiva t%@p@rﬁ@rtf isibutige iy theent .

However, gh&iRRualidier, fahll 8t ik Whie limd the distdrfin géﬂe%te& HPtherhgl sifebd anP! aced
at one of the outer si'des of the radiant 15 coil, the fourth tube 4, i.e.,

t he out | etbet ahiserbeidsequeblyp ITér@@ﬁorat then suréach eempetatiire gif dabess cam be Harther st
embodi fenteg futh, i 303Urk@ht brCRRN 30 AF e bRANG Lidobr fitendls Shown

in Fig. 6 es are arran §ection 11 in an
order of tdna:kingriﬁtnabelbmﬁeeith&ieﬁourth tube 4, the second tube 2 and the
third tube 3. In this way, the tenperature of the tubes in the radi ant
section 11 is distributed as T1 , T4, T2 and T3. 20 Considering the

rel ati onshy BarPhe st Tdnl g awinBahAhEQHRIBE LI BNty 90 TS PheVadiaRectRME
effects as the first enbodinent. In addjtion, since the fourth tube 4

havi ng t hds Nepjitestaetebichds advaniagepusdar Bamesstckingfumascs i rst and second
tubes ;L, 2 having the relatively |owest tenperatures, the uneven
tenperature distribution is significantly suppressed. 25 Figs. 7 to 9 show
t he si xt h Nextt dtberaingtvidimentb ofl fovepass mfliahbenilspassdingdo aitetpresmint irvegtoondi ng to

t he present nt i. I ectively. The differepnces.of th h to the
el ght - ettt RoACEH BRLHRE B 1aK¥ v cenpomiere it TeoRAgsitneny gus Fésbiled fr { ne
second t o dogohents tdh At dffteaf HOM tHee mhdnsibn&irabeicn®ill be afep@itedyel v,
whi ch can be readily

while the samé or similar features or components or functions will be omitted.

30

Fig. 3 shows the second embodiment of four-pass radiant coil according to the present

invention. In this embodiment, the connector 23 for connecting the last two tubes, i.e.,

the third tube 3 and the fourth tube 4, is a traditional U-shaped elbow instead of the

combined connector as shown in Fig. 2. In this way, the connector is also located in
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30under stood by one skilled in the art. Therefore, the detailed
descriptions thereto are omtted here. Six-pass radiant coil Fig. 10 shows
the first embodi ment of six-pass radiant coil according to the present

|n ention, which can be used in, for exanple, the ethylene cracking furnace

of Fi g. thd.cefgalSNOMPioD thd ﬂxdlalﬂ@ 1se&ioﬁn9hfsrb?raf1% QUerft a5 SEEWR T éﬁuc&hh‘l the

c0|I is divided into the first tube 1, the second tube 2, the t t ube 3,
t he fourt hsmmlﬁé than thpieinfthe first embedimenhdnd ken Be eisidy manufaetuged Ahewicostst t ube

1, i.e., ube with varied di aneters,
whil e the gg% %%g%H?&%ﬁ#é?ﬁg&gggﬁﬁﬁgu%g%gg?ﬁ%‘%he outl et tube. The tubes
are connected with each other by neans of connectors 21-25. For better

under st andj.ng, ,th be I tenperatures in the fir tube 1,. the second
10 tub htgge 2l % a ey ﬁ%s hirch Ak 6 fPHTTh o M0 foruf RagsyBdiant goili t he
sixth t Ubea&oﬂﬁ@g fetht pede@SinVéntioh 2espleively? Thd thifNshd8e f"cﬁﬁﬁeéfﬁﬂoﬂﬁhéhtﬁe i's

obvi ously understgod that with the Cracki'ng reaction carried out
t enper at ur &8 gepelE the praae af the fiist grchthgasergnd; erabastivents a¢sonfgwtehfe exdapiy

direction, yh,nafe ﬁ%t ttlﬁ)esﬁg% TOIIJ&%E-BﬁngI‘ll& Tgr ﬂ?qledélﬁgf s?an'[:'dgamejtgr’ the

t ubes are arrange ey are spa |n a sequénce of
the fi rst ingtsed 10f whbraholadt Hluheulmthﬁl vatibe d1a1hbthrst UH&s &nah@maﬁcmagd beibe 2,
theth ﬁbeSanqthe xhﬁub 6. Th refE ftheterrperature

i ot v B BV Rt Tok & St ek Brolins oy cres e fuspgce. 5 T2, T3 and T6
fromleft to right. Because of the relationship of Ti <T2<T3<T4C5<T6, the

ar angemenlt:_ gn effectlﬁel y reduce the 20 uneven tenperature distribution
wi thin t hel'iaishAws dectifth smbpdimgntiof dowrzppss radiaat cail aecording te flretnresanmbe 5 i s

spaced frofmvbReors waidh i %Qﬁcemg% ERANSs @E fﬂa%n%sgmt tHBW% rgng ngﬂ%h hird

tube 3, the heat radiation 1 nfluence generate et we e 5 and
the sixth figbéubg L Hat, thaidetrtbatis wgll )pléme@ lat Dmrrpﬁﬂmtmummldes o o mdwm

Conseguent Iy t acc r |nvent|
FurhelsTobdlh el BO0TTEE uRCHRECUBE, &%l FGRBl FOBF breF S5 9P g e

ext endi ng theefirkd efnethudnmmhbmta@fsparadytcheemwlja%émtcm thy Glse bk 1t AR shi6wa kh ng

fur nace. gtﬁgﬁ i rst enbo&i h of four-pass.radiant coil shown in Fig.
2, each of ]tgh 5 %&P&@‘fﬁ?ﬁe spatigfly i they rﬁdlﬁ?fée?t&ﬁelrl iggniorder af ke e ant
section 1luwbs ekt GRG ASe 3 thOTRIAGIUEONNBALAE GRS NG Bfs Rajfthbaped

el bow and two S—sha ed el bows that are di sposed at the opposite Outer sides

of the U siKapSEHiEE 5@\}‘}10( abpei the sadjant Feeiion tlHe distributed as T1, T4, T2 and T3.
20 Considering the relationship of T1<T2<T3<T4, the arrangement can also-achieve the

same effects as the first embodiment. In addition, since the fourth tube 4 having the
highest temperature is located between the first and second tubes 1, 2 having the
relatively lowest temperatures, the uneven temperature distribution is significantly
suppressed.
25
Figs. 7 to 9 show the sixth to the eighth embodiments of four-pass radiant coil
according to the present invention respectively. The differences of the sixth to the
eighth embodiments from the fifth embodiment correspond to those of the second to
the fourth embodiments from the first embodiment respectively, which can be readily
30  understood by one skilled in the art. Therefore, the detailed descriptions thereto are

omitted here.

Six-pass radiant coil
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thermal stress generated between two consecutive tubes can be absorbed by
t he conbi ned connector, thus avoiding the bending and partial overheating
of tubes due to thermal stress. Therefore, the lifetine of the radiant coil

é the operation cycle of the - 11 - furnace can be further extended. It
oul d be mgt el shdiad tHeMidshémb&TRest Mi-ﬂpais%dlﬁﬁ’tn&ﬁlcic%ﬁuggzto #hé p&ékeﬁ‘pe upper
part of the radian section 11 is still a common el However , 'S

under st oodi@nt@ﬁethhch@be Bsgdhing fos eaampl@hﬂ;@ cthiileng gmler@g Sargageol 0 <2f4F igf common

ol bow and & epunsn EFEIE UGS GO IRCARIEA e TAE SNRR ) B BIEPTC 1

scope of ttobe rbr‘élsesacoridlmbe\m thie.third titblei 3 tlenfoacth et 4, the Iﬁfthltubet fibnd tlof

Si x- pass radi o] e a nged .i n, centr 1 P of the radiant
seot o Thgtitpep”she R P& o8G, s letTHE Sofrir et BRAEER0D Bk ands
fromits fmi@ﬁ dedisbterdWvaile ihS 1hdD tilRE]. &et'hte ksith @baBEels thendlct RIbBEPRStubes t he
first tube 1, toward the rear part o e radi ant section, i.e., the upper
part over Qrﬁéo@EﬁieF{aW}pqﬁa&h@ﬂPfgﬁnteﬁ@S@ﬁ%ﬂ?ﬁ@rsah@%onnects at its rear end
to one end of the U shaped el bow 41 of the conbi ned connector 21. Fromthe
rear part of the radiant section, the 15 U shaped el bow 41 runs angul arly
across t heFaemttcnungdrsinedify t thetthiee fabtempaaturesfintthe firddvbant, Secetcan] . e.

the | f th | pl P i t d i d. t th
ot ner Tha GREedte 038 GE” a0 B @ e beios R B S0, B8 HBRAMRED e nnect or
21. The seddhdd S¢ $m,ap:gcr3errhdv\5é&wr@ &@M@l@dltﬁmv@@mtyrlﬁideﬁkmahﬂwﬂ hits
doywnwar d projection in paral| vmththat of the first S-shaped el bow 42,

and connect€ ‘F%thnﬁ’er%tl?l?‘ (9ﬁ’f“e§n‘ﬂlt thegtempergaires ik thee Higes (Yfﬂltl}‘?eg‘@éB’(‘)‘Hﬁ tube 2
at its reafnc&agédvmfgnhe BolyfiRcAsh, 'ﬂﬁhttlm sagMlkgh<Pyappg<hhe second tube 2
connects to the third tube 3 thrdugh the donnector 22 located in the
central plane P. The connection fromthe third tube 3 to the SIXth t ube 6,

i ncl udjng egt o | |

" shapsi- e b nEh s Elead Gk il hor3n sl B R B i Bl
this 25 naseqeencetofintleefifst ahﬁpledheefoluahﬂulaere, theﬁﬁb@ﬁbe\lﬁlt&e adfcbﬁdhgﬂﬂ 2 rﬂhé he

| ead t 0 a QU0 SioEaH Brdt s i GirsTis, MsdeRRerbR ARH Ao SBATF G 11 and

at the sampdidnfreediiag 1di stor, twnrsgmzeq@tﬁﬁi 1y floheldito SEliteBecARR opghabsor bed
equably. Therefore, the surface tenperature of tubes can be further

reduced, atsdptionghipiof et ii2<dB<dAsTIakl.dhe amangemend cametiggiivelt rahicejae e of 30
the et fyl CRfovEn Ml i ARBRGRANIRS FEIARAPTetbh 1728 BE A6 Bl G e
t 'S

drawi ng that t ructure o ind of six-pass radirant coif i's very
conpact , whiedHth twbadusspaage from ﬂlelsi)dtlamjpe 6dryankins @f ther seaced tube 2 and the

third tube 3, the heat radiation influence generated between the fifth tube 5 and the

In

sixth tube 6 that have relatively high temperatures is avoided. Consequently, the
arrangement according to the present invention can further lower the surface
25 -temperature of the radiant coil, thus extending the lifetime thereof and the operation

cycle of the cracking furnace.

As in the first embodiment of four-pass radiant coil shown in Fig. 2, each of the
connectors 21, 23 and 25 in the lower part of the radiant section 11 is designed as
30 combined connector consisting of a U-shaped elbow and two S-shaped elbows that
are disposed at the opposite outer sides of the U-shaped elbow respectively. Thus, the
thermal stress generated between two consecutive tubes can be absorbed by the
combined connector, thus avoiding the bending and partial overheating of tubes due to

thermal stress. Therefore, the lifetime of the radiant coil and the operation cycle of the
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Next, other enbodi nents of six-pass radiant coils according to the present
invention wll be described. For the sake of conciseness, in the follow ng
only the features or conponents or functions different fromthose having

_bée di sclosed in the foregoing will be described, while the sane or

simlar fedhthheScadbedl r functions will 5be omtted. Fig. 11 shows
t he second enbodi mer?t ]g?é}s%?%l%%(gs radi ant coil according to the present

i nvention. The second enbodi ment is generally the sanme as the first

embodi ment at..the first tube 1 is a conventional non-branched
tube with a %@E@Pﬁfnéoqi%mag’ﬁe’ﬁ’@r‘?mli"?@ém@‘ﬁdthéfcoanﬂﬂ(mmaheﬂ incthe uppdr partari ed

di anet ers. RNpciad ecson it el b shesl AR f.8ix-pass radiant coil

accordipg to the present inventi on.O%I nt '?@Q‘}gv ot ]?ﬂ%,mt? foogpsEdledr 25
for connectt Hif Biidhptade sampesionsed?, 24 of comhmnf élbow daubs® besigh&r S5 Xt h
d

tube 6, i ScémbinddbdifRR@} ; 2l:bow, inst ead _of the 15 conbine

connector as shown in Fi ?)&ﬁﬁ%ﬁgﬁgbte 386‘%/&§?W@Hgsc%§lﬁpré*cqlb¢ws2@ entimngd

| ocated i n2bt¥e, whiehrstill flsamichi® tiof scopeof e baRéntS@&hiign. Thi s arrangenent is

structurally sinpler than that in the first enbodinment, and can be easily

manuf acturﬁflﬁgé | ow cost, which enables it suitable for sone special

cracki ng flr thacemb@bisient, all i AMS of R : i ment of, .si.x-pass._radi ant

coi l a&por@iaﬁ% t? thed. resent i nvgnti oélagy%ghn?gﬁﬁt J%Wfiﬁ’éﬁﬁe g@h@bneral |y

the sane a & of fliera lgﬂ‘b“SHﬁIQPerTﬂl? fasicegapechelbow@ dfithstormbiRe] dorinSctdr

convent i on2l extomisiyanGe et b nstant diageter, instead of a

branched tube with vari edndibllgr%e‘%ﬂééﬂs]l.sqﬂg?oﬁ ﬁﬁgiwlﬂéﬁéﬂiﬁ@mpiﬁtw}@@@m ment

of 'si x- pas¥® ¢ ddtozard theitrarapsetoritthe gadiant tseeiop R etk upPMSiHri Qrer LRl S

basi cal |y fibg lsme%?a Igg %lidrc%t ecgbodi ment. However, although the Pl rst

tube 1, i.rﬂel. ,Btllt\e inlet Pube, Onaeds agups rﬁ?raf‘c’:"édoaﬂe é‘ﬂéoﬁﬁletlhehapﬁde]bosj des of

the radi aft! ebithe combinsd xohndathe2 6 Fom@tic Rlaf heqkhel.Qut ar, side as
i ; gjgﬂy@ﬁat jtea%glrfilp ptg%cnf)ﬂet S rst

in the.first oghi nent, but is spatially clo

t ube %5 AS@ESR%? e?bno"\&% .r“1134€m&u;é1n%@9§ the ecra@! glnalgedhs pahi pirt yf i t he
radi ant seediantrsedtior, fle 2heOboeF ' fube 1. the .sixth tube 6, the
third tube ﬁlge tge secgﬁd t ube Eﬂ{ ?Eglgfc%#t%%&)gaﬁ]ﬁgﬁ@]tgﬁﬂrat“ﬂ%g’@@@P?‘quctﬁbe 4. In
this way, ¥R YEHfAd4hereal 5t the tsecandifeshapad tibewr bt 58BN oldecks

di stri but ed. @ke Jdcond Q- and T4. In additjon, the first tube 1,
the third tube. 3 (igll}ldgtsﬁ%&sc?i iy &3 5o Rpis P Suta! plone Revitotts dopamward ¢ he
radi ant sdEUPBIPN Mparaled véttstmond tid it B-shbp@l EIBHHLAD, LHAGodndRd:, S

20 front end, i.e., the lower end, of the second tube 2 at its rear end which is located in
the central plane P. The second tube 2 connects to the third tube 3 through the
connector 22 located in the central plane P. The connection from the third tube 3 io
the sixth tube 6, including the connectors, is similar as the foregoing, in which all
S-shaped elbows have downward projections in parallel with each other. In this

25

manner, three S-shaped elbows are respectively arranged in the front part and the rear
part of the radiant section. The atrangement can lead to a more even temperature
distribution in the radiant section 11, and at the same time the distortion generated by
thermal stress can be absorbed equably. Therefore, the surface temperature of tubes

can be further reduced, and the lifetime of the radiant coil and the operation cycle of
30 the ethylene cracking furnace can be extended.

It can be seen from the drawing that the structure of this kind of six-pass radiant coil

15 very compact, which is advantageous for large cracking furnace.
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the fifth tube 5 are placed in the front part of the radiant section.

Consi dering the relationship of TI<T2<T3<T4<T4<T5C6 and the spati al
configuration of tubes, the arrangenent can achieve the sane effects as the
figst enbodi nent, and al so have a conpact structure. In addition, since the
si xth tube 6 having the highest tenperature is 5l ocated adjacent to the
first tubeNexthalpenembedimenipeaftsit-prssardionfreds agepading dy the nrasepe yentien

ci Stri DUt Qi be SiABEd 8AMh YaSUARIERGkss. Th 6 rlfBuifh S SfOhbes i xth to

the eighth e Iments of siXx-pass radiant coil accor to the present
i nventi on conspeents\oelfynctibhe ddidéns feme 8wsehatihg bsdnxdikclosedtih éhel Bregoging h

nmbodi ts. th i f.t, nmbodi t . d to the dif.fer. f th
Cooou o FHLOP Bk e bl AERRSL P Shy BRILARRED iR it HBUBBERRof,
whi ch oan keompidi | y understood by one skilled in the art. Therefore, the

detail ed descriptions thereto are omtted here. 15 Fig. 18 shows the ninth
enbodi nent of six-pass radiant coil according to the present invention. In
this enbodpirenf ohdvii@né MRBAd 2hBodinlANIEdx $RAUL@hIcolcBitdMEd8 theYireddif i T St
tube 1, th_elréglpx?}h tuBe 6, the g_econd tuﬁ? % the Ctogﬂ rcd tﬁ%e 3,eq{rﬁe ?i fth

t ube 5 andinvhticno (Tihe rsetariskembodiment segensallgsthe somp aasglie tiwstt ¢nebddimeit,

enbodi nent,_t i &l .positions of the second tub and.the third tube 3
are exchan%&gﬁnﬂ}%ﬁﬁi% ’ﬁStottuﬁgrl. lscgncsoélaffgﬁltn iflorfgraflg%e%sﬁ%a hv"’ltﬂh[)&ec%ltg é’\gi ng the
hi ghesio t edipsesiUngeddsofl adsratichedd beil withrvatibé diawetdrsibes 1, 2 having the | owest

tenperature, and thus the uneven tenperature distribution is significantly
suppressed. It should be noted that in this arrangenent, the first S shaped

el Qow 42 ofigl he shewd tHRARNE ChiodRRent 38 s&-SHRYPIRING ¢l AbRELIhS R0 BRL pregenpar al | el
wi th those of other S-shaped el bows. 25 Figs. 19 to 21 show the tenth to

the twel ft Hvertied b embddinent, pesonnestiraitiocennmeetingshellastitvotubese i.ps esent

i nvention s_mg' e..dif nee o t | ft

enbodi nment {éh%f rong\kél? %]ildnﬁ% Selr%'!t})lot ?éméhfs %(t)rﬁ&gé%aﬂ;n%ﬁﬁ%%fl ﬁgboh?ﬁsyéérﬁgnogetge of the
second1i o tdmbihedicdrineetobadshent m Figorf. {i ¢hif wag ttheobodetoeds isdsplecitedel vy,

whi ch can 30he readil der.st ood ne skilled in the art. Therefore, the
ot ai | ed JBSBECBTS RANEHE PELT BencHeRpe e peengnt B3t SHyRl Fapls

t hi rt eent hyprhpdiiment Qf eSbidiBREE ahddh@bt c&lyl martdbMat fodv Ehe wiiegent

invention. In this enbodi nent, the tubes are arranged spatially in an order
of - 14- cnables it suitable for some special cracking furnace.

20  Fig. 13 shows the fourth embodiment of six-pass radiant coil according to the present
invention. The fourth embodiment is generally the same as the third embodiment,
except that the first tube 1 is a conventional non-branched tube with a constant

diameter, instead of a branched tube with varied diameters.

25  Fig. 14 shows the fifth embodiment of six-pass radiant coil according to the present
invention, which is basically the same as the first embodiment. However, although the
first tube 1, i.e., the inlet tube, is still placed at one of the outer sides of the radiant
coil, the sixth tube 6 is not placed at the other outer side as in the first embodiment,
but is spatially closely adjacent to the first tube 1. As shown in Fig. 14, the tubes are

30  arranged spatially in the radiant section 11 in an order of the first tube 1, the sixth tube
6, the third tube 3, the second tube 2, the fifth tube 5 and the fourth tube 4. In this way,
the temperature of the tubes in the radiant section 11 is distributed as T1, T6, T3, T2,
T5 and T4. In addition, the first tube 1, the third tube 3 and the sixth tube 6 are placed
in the rear part of the radiant section, while the second tube 2, the fourth tube 4 and
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the first tube 1, the second tube 2, the third tube 3, the sixth tube 6,
the fourth tube 4 and the fifth tube 5. In this design, the connector 21
for connecting the first tube 1 and the second tube 2 is a conventional

gl pow, which, together with other two connectors 22, 24, is located within

the central plane P of the radiant section. The arrangenment of 5the third
t‘*o"kt he si Xhe Hifhbwbe iSsarsi plagedrinvie Hrqu paet of HBowsadipnt segfiong Coppidering H'Let ure of

the thi rtef@miﬁnsgl%efﬂr@m@ﬁrm&w? a1 sttiaﬂlcF)ﬁﬁ rhif G O (8BS (HEanner .

The fourteent odi ment of six-pass radiant coll acctording to the present
i nvent i on amngtroent dan dehigve 2% dinié effects pothet fiwst embedigent, and mbsocharert  as

convent | orearmGeu s 18 b et ctins o Shatok iRl ChBBAMRER o

Si x- pags rladitedtadzoedt RCaRr didigube 1t hevipg abenbwedviempeanres thhawsvém Fi g.
24 differs fromt hg, tg)i rteenth ,?nbodi ment as shown in Fig. 22 only in that
the arr ang&megiatips disybulinn igsigy et ysuRpsseibes are similar with that shown
in 15Fig. 9. The sixteenth enbodi nent of six-pass radiant coil according to
the present invention as shown in Fig. 25 differs fromthe fifteenth

enbodi nentFigs Ehowd7ishomi the sixthotel thei gighthambodiménts of spupass radisntaeoil

non- br anchge venti o i I r o] shows

t he seventaécg(r)l l{be? %ﬁi ]Sr}%%letnr[ g‘?‘?%l%ﬁgg 8&3@{-3&% (ggﬁgﬁgegc%rtﬁ?ﬁgit (%Otﬁee
presento i nsighthiembodimerith fisne theofifttrembodiinieat terbapoat & e rdificrences pdtthal [y in

an order of the first tube 1, the third be .t he d.t 2, th
si xth tubeseﬁ?n‘fw tth E?H"flhuelf‘ll%m&mﬁ HIE‘I%G ‘[f“i%? ?Iﬁg‘{’q}%n%r%gl%i?i IYGHY’EV?}@&% Fgh, et hr ee

e

COﬁn,ect Or shedoad Ay uailétsidad Igcafceskildll el SvaherBorbaiht detailel Qlesiptions
section are all conbi ned connector. In view of structural reason, the

second S- stherséviarelopptiediseref the connector 23 for connecting the third tube
3 and the fourth tube 4 has a downward projection not in parallel wth that
of other S-shaped el bows. As those nentioned above, the arrangenent as
shown tan Eigs b8 aohwethe rauthamitagaoers of fixepdss raliant ovidacagdingdo sherffraseat

N T T R R T T
enbodi ment ndk 1$ihe RBSUBAEG] BRtsecatid twde QO thiyd tigbd Rethp dthembe Srindrthe on as
SO N it Tube 4. Tn'Dther words, compared 10 e Tk embodiment, the spatial posttions ' &
of the second tube 2 and the third tube 3 are exchanged with each other. Consequently,
20  the sixth tube 6 having the highest temperature is located between the two tubes 1, 2
having the lowest temperature, and thus the uneven temperature distribution is
significantly suppressed. It should be noted that in this arrangement, the first S-shaped
elbow 42 of the last connector 25 has a downward projection not in parallel with those
of other S-shaped elbows.
25
Figs. 19 to 21 show the tenth to the twelfth embodiments of six-pass radiant coil
according to the present invention respectively. The differences of the tenth to the
twelfth embodiments from the ninth embodiment correspond to the differences of the
second to the fourth embodiments from the first embodiment respectively, which can

30 be readily understood by one skilled in the art. Therefore, the detailed descriptions

thereto are omitted here.

Fig. 22 shows the thirteenth embodiment of six-pass radiant coil according to the

present invention. In this embodiment, the tubes are arranged spatially in an order of
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only in that the first tube 1 is a non-branched conventional tube wth a
constant - 15 - dianeter. The nineteenth enbodi nent of six-pass radi ant
coil according to the present invention as shown in Fig. 28 differs from

t he seventeenth enbodi nent as shown in Fig. 26 5only in that the connector
25 for connecting the last two tubes, i.e., the fifth tube 5 and the sixth
t ube 6, i srhgﬁrﬁté\%@pbdh@sqs@nd hesad. dle thirdtthee Sehe piath fbegethe fourthrpdednent i et h

enbodi nent,_afy. Si |: . COI i . L[nvientd on as
shown i n I hSGG RS, iR Hig s L e ARARLS A%l Corrdrifl i3 R aliCMNd 2 g. 28
only 10 i rthe kedond lebef2 fsst cdnvbrtidnal slbawnwhichy epethedwitivnthentuwooainettobe W th a

constant djaneter. Fig...30 shows et -fi.rst enbodi nment of sjXx:pass
adi ant oot Shcsosagvien Brcoiab B PRPkerdi Rk be BRsaMSare: " bot h
of the sfirué thikhe the aikeh hites seaomdr (vithehake 3n&w1Y 15 PAPSITHE aRERRE of ke Wi th
varied dianeters. The tubes are arranged spatially 1n 15an order of the

first tubdhirteenthenthodinent cambe implemenicdin yroatyelyzasy menmari t h tube 5, the
fourth tube 4 and the sixth tube 6. As shown in Fig. 30, in the enbodinent,
the arrangement of the first to the third tubes is simlar to that in Fig.
10, whi | e Theefoarteentlyembodineht ohex-phssrddinot doileacedrding tb timesreseat invention

as shown in Fig. 23 differs from the thirteenth embodiment as shown in Fig. 22 only

10  in that the first tube 1 is a non-branched conventional tube with a constant diameter.

) The fifteenth embodiment of six-pass radiant coil according to the present invention
as shown in Fig. 24 differs from the thirteenth embodiment as shown in Fig. 22 only
in that the arrangement of the third to the sixth tubes are similar with that shown in

15  Fig. 9.

The sixteenth embodiment of six-pass radiant coil according to the present invention
as shown in Fig. 25 differs from the fifteenth embodiment as shown in Fig. 24 only in
that the first tube 1 is a non-branched conventional tube with a constant diameter.

20
Fig. 26 shows the seventeenth embodiment of six-pass radiant coil according to the
present invention. In this embodiment, the tubes are arranged spatially in an order of
the first tube 1, the third tube 3, the second tube 2, the sixth tube 6, the fourth tube 4
and the fifth tube 5. In this design, three connectors 21, 23 and 25 located in the lower

25  part of the radiant section are all combined connector. In view of structural reason, the
second S-shaped elbow 43 of the connector 23 for connecting the third tube 3 and the
fourth tube 4 has a downward projection not in paratlel with that of other S-shaped
elbows. As those mentioned above, the arrangement as shown can also achieve
advantageous effects of lowering the surface temperature of tubes and extending the

30 lifetime of the radiant coil and the operation cycle of the ethylene cracking furnace.

The eighteenth embodiment of six-pass radiant coil according to the present invention
as shown in Fig. 27 differs from the seventeenth embodiment as shown in Fig. 26

only in that the first tube 1 is a non-branched conventional tube with a constant
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20 simlar to that in Fig. 2. Al S-shaped el bows have downward projections
in parallel with each other, and all U shaped el bows al so have downward
projections in parallel with each other. Fig. 31 shows the twenty-second
podi nent of six-pass radiant coil according to the 25 present invention.
It)differs fromthe twenty-first enbodinent only in that the arrangenent of
the third diametee sixth tubes is sinmlar to that in Fig. 3. Fig. 32 shows
a structure of four-pass radiant coil according to the present invention,
in which all tubes are arranged substantially in a nmanner as shown in Fig.

4. Here, tT @Asedshembodinedt af dxpasthiadiant dodigetdrding tb drenpregnainsentioot ur e of
type 2-2-2-2. In addition, each connector fﬁ 8’3’08“%“ ng, t ubes Lni?he | ower
FEYO g o

part of t s FhewnafFigeds idiffers dram ithg seyeplsany Wﬁ%é"ﬁ howay 3 Fig.
U- shaped eérﬁgwl ﬁ@%&éﬂ%@&ﬁ 2§|f5‘106’¥§me&91gq}{@[ast 180 SRR | e HAR tibetdndal f of

the drawi n we{f}a t hese - nbi ned connectors 21, 23 forma
cl osed, s Gtsixth:tllbvé, isra W 1sbansid edboyy logated in the cemital lapalbi on enabl es the
connectors can absorb the thermal stress generated in the radi ant section
nore effectively. 5 Moreover, as shown in the left view, two connectors

| ocat ed at Thdavengipthrenplardimet dfkseg-pmﬂiraﬁants:eﬂtaicmrdmgitc theapresembmvential bows

are nolon in.t n P of the iant section tead, the
connect or s Sa#’@‘”indegll%?g %h?ﬁxfp n thegeh 8‘?‘& qc'jH“FPBé?S 39}%??%2 0% each
ot her gbouty thix@h& Bkt tude 10k arﬁ@nl%r@f&ﬂed SdriveAibraN@ut alithtahngwtidahespect i vel y.
This configuration is advantageous in the mechanical structure 10for

haggl ng the radiant coil. The structure shown in Fig. 33 is simlar to that

inJFig. 32p e)ﬁﬁ%pﬁwé It tvﬁﬁ&bﬁ?‘s‘t' anb%ﬁﬁlﬁﬂ]ft of Q]% eﬁa‘s§ i REi1 heddf 1y trbaped

br anched tu vari e I aneters S are structured Substantially
as shown i prefény in@ntioe Iha;hlsaendmdbnmu bashy o@thetﬁmt w@eé apfl the beseond Behsrdbi ned

t oget her, for str t 4-2- 2- 4 ture of
si x- pass rsf&‘g]ﬁ'%a%ﬁﬁﬂamﬁ# %ﬁ? gﬁt ggﬁgfiﬁlggﬂqg% I’Sl,ﬁllg aﬁ*ﬂ%@@ shuidl) 4
15  an order of the first tube 1, the second tube 2, the thlrd tube 3, the fifth tube 5, the
fourth tube 4 and the sixth tube 6.

As shown in Fig. 30, in the embodiment, the arrangement of the first to the third tubes
is similar to that in Fig, 10, while the arrangement of the third to the sixth tubes is
20 similar to that in Fig. 2. All S-shaped elbows have downward projections in parallel
with each other, and all U-shaped elbows also have downward projections in parallel

with each other.

Fig. 31 shows the twenty-second embodiment of six-pass radiant coil according to the
25 present invention. It differs from the twenty-first embodiment only in that the

arrangement of the third to the sixth tubes is similar to that in Fig. 3.

Fig. 32 shows a structure of four-pass radiant coil according to the present invention,
in which all tubes are arranged substantially in a manner as shown in Fig. 4. Here, two

30 sets of coils are combined together, forming a structure of type 2-2-2-2.

In addition, each connector for connecting tubes in the lower part of the radiant
section is still a combined connector consisting of U-shaped elbow and S-shapes

elbows. However, as shown in the right half of the drawing (the left view), these
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substantially as that of Fig. 10. It has a conbination of two sets of
tubes, formng a structure of type 4-2-2-2-2-2. However, the downward

proj ection of S-shaped tubes is 20 perpendicular to the central plane R
Fig. 35 shows a structure of six-pass radiant coil, in which each tube has
'a}jstructure substantially as that of Fig. 11. It has a conbination of two
séts of t ubedinedocaninagjors 21,r 20 fome aofloseglpemgoth- gurye n ghe sile|viewhbisd be
noted that_ although in.all e ' Lon j be | is
| ocat ed atCOBﬁgu%ﬁ ﬁ%%é?j}t e C@Fﬁ%g%?’ E"? ﬁg&% :t}?el ﬁgglgééos\rﬁg%% g%te;dé%ffn ?lgr each
case, the rhiiastsettidiemdrecdfecatedp be placed in the middle of the nulti-pass
radiant coil, as the last tube 4 or 6. 30 In the foregoing the present
invention is described with the exanpl es of four- and six-pass radiant

coi |'s. sHOVRURIver b fowERLihk Meft RASY, 350 QEndelRls [dagred taf Ul upper pirsof gred here
can be also applied for eight-pass, ten-pass, and even the radiant coil

wi th nor e tpdiesiesectianavhighi arp emaion: dleovay are wgdorass iin {hesand Rlane haktheyar i ant s
after read] .nre di.gcl I ohyi o h i Bre@N
enbodi rrentljaﬁg?{ ghl%ét\lf\(ﬁl,' gﬁf&g ’uggé ‘gozjﬁgﬁgrsatarc%qng%agead? iqgn o‘% }tﬁ\;\agéss Z%a; (Q)I%e t ubes,
i.e., for ninitgpraysimcndtalrte ebhtothe gbodt Zhe ceritral gdane Btandr fobmearbengulent s not

shown, a structure of .type 4-2-2-2 ar a C i nation,of e t ubes
can be adopfEFEIEEELY- e@llst %%Hral%ﬂn f%ﬂéﬁf‘%?%eé’fﬁ Hbthfﬁ%e%ﬁﬁwgﬂjﬁ%ﬁﬁ{es
descrified ik hindiff @eeatignticeila set of radiant coil or two sets of radiant
coils arranged 1n a cracking furnace, it is understood that nore sets of
radi ant coil can be arranged in one single cracking furnace, dependent on

the act ual THEGHILGRAS N i Plp. 59% GRRG: td ¥R if0E IR0 rab BlchGubiiadd ant

coil is arranged 1n one cracking furnace, they can be arranged in sequence.
Al t er nat i vef the firlidubed ds of Yrshdpathbraodicdsukecawithearied dingsters. Ml drhes are

mani folds. In this.cas t he .l ast. tube, s I ' of the
coil, and et f‘g’sgﬂﬁﬁlllydasos&ofgl lng;iI %ng%nzﬁ}%%%g%%b?r#a@ﬁﬁé{/%?éﬁfg%\lggs_
Al t hough t fenbiRvEREtber, feniess sirbegteiofitypetdd-2L. wi th reference to sone
enbodi ments, it
Fig. 34 shows a structure of six-pass radiant coil, in which each tube has a structure
substantially as that of Fig. 10. It has a combination of two sets of tubes, forming a

structure of type 4-2-2-2-2-2. However, the downward projection of S-shaped tubes is

20  perpendicular to the central plane P.

Fig, 35 shows a structure of six-pass radiant coil, in which each tube has a structure
substantially as that of Fig. 11, It has a combination of two sets of tubes, forming a
structure of type 2-2-2-2-2-2.

25
1t should be noted that although in all embodiments mentioned above the first tube 1
is located at one of the outer sides of the multi-pass radiant coil for each case, the first
tube 1 can also be placed in the middle of the multi-pass radiant coil, as the last tube 4
‘ or 6.
30

In the foregoing the present invention is described with the examples of four- and
six-pass radiant coils. However, it is readily understood that the structure disclosed
here can be also applied for eight-pass, ten-pass, and even the radiant coil with more

passes. One skilled of the art can easily conceive these variants after reading the
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wi ||l be apparent to those skilled in the art that nodifications and
variations nay be made to sone features/conponents/structures of the
present invention without 20 departing fromthe spirit or scope of the
invention. In particular, the features disclosed in one enbodi nent can be
'cc)nbi ned with those disclosed in other enbodinents in arbitrary ways unl ess
t he conbi patsewinlschasyrecause conflicts. It-is intended that the present
invention covers all the nodifications and vari ations thereof provided they
come within the scope of the appended clains and their equivalents. Cains
1. An et hyi @oeldteabklong tiaimac embadiiegt motlshowpadistubadianbt acoiibjnationpr i si ng
at | east one radiant, sectipon, which includes Egtto fgr ng[r and/ort si dewal |
burner, afd W Seieaft MRS hai (PUREESE SHUFWR: OB YRe 4rraitgdd MBS hele

I'ongi t ydi Ralpodik@ed h@Rhehn! { &ricdste 3 {ypRer - DMer a combtidi 6F hb@ sttsldti - pass
radiant coil is one selecting froma ‘group consisting of four- to ten-pass
radi ant cditbes:camheladopted. at | east one tube of the nulti-pass radiant
coil is arranged to be spatially adjacent 10 to a tube which is not
consecutive to said at | east one tube. 2. The et hyl ene cracking

f urnace addorediérgalttmugh &i the foreghmpaheainviertidnas desonibed whibgetsfenchieo asett i - pass
radi ant coil gre arranged tq be spatjally non-adjacent.to ot.her. 153.
The et hyl éferadirRat RPI Prf YN 528 036@@%381 ﬁ&lh%/BHﬁl}ggﬁ 14 8Fa°§1,ngv\ﬁuzfr{%ehtitt ﬁ;e first
tube apd thReclstRl hEPRN BetdldfaadREt abil ldag paasipte i®Whersigileesackingt he
mul ti-pass radiant coil respectively. 4. The et hyl ene cracking

fur nace adbenage.rigpensicat en theachial requitamerss Foithg ease thag more g’@f‘ NG Sk ‘?ff st tube

ang the | Afliaht B |sSarfiloed il 31O RehoRing! Ml Ly ShrflBe Afrafdh MLchhier@sS

radi ant coil. . et hyl ene crgckl ng furnace according to claim1 or
2, wher ei nAkaaitivelyhehd sots of etdémnt icnils ben beatranged i doren of manioldadinaths
section. case, the last tube should be placed at one side of the coil, and the coils should be

15  arranged in a mirror-symmetric way.

Although the invention is described in details with reference to some embodiments, it
will be apparent to those skilled in the art that modifications and variations may be
made to some features/components/structures of the present invention without
20  departing from the spirit or scope of the invention. In particular, the features disclosed
in one embodiment can be combined with those disclosed in other embodiments in
arbitrary ways unless the combinations may cause conflicts. It is intended that the
present invention covers all the modifications and variations thereof provided they

come within the scope of the appended claims and their equivalents.
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25 6. The ethyl ene cracking furnace according to claim1 or 2, wherein
the tubes are connected to each other with connectors. 7. The ethyl ene
cracki ng furnace according to claim®6, wherein at |east one 30 connector in
the I ower part of the radiant section is a conbined connector consisting of
a)U— shaped el bow and two S-shaped el bows | ocated at the opposite sides of

t he U-shafddined bow respectively. 8. The ethyl ene cracking furnace according
to claim?7, wherein equal quantity of S-shaped el bows are arranged at the
opposite sides with respect to the central plane of the radiant section.

9. The ethyl eneAs reﬂﬁliérﬁgcrﬁwlm@(fﬁna@mbat\dhglgwﬂtbpa:sisaﬂadiaﬁt covihamﬁipnisinlgeatdovmwar d
5 projections of S-shaped el b re rall el ach, ot her

The et hyl d¢Ast eR& 1%8%%@@@0%&0%? gatt?Ig%EF‘é?f Pﬁlcgor eé’i(areh bpragt, gndat one
S-shaped Q{:eﬁf)‘ﬁnga}ﬁulﬁ &a@w}mm BSiPlafiGhdcANalons tRATGIgelinbiodibaRa of tet her
S-shaped e 11. The ethylene cracking furnace according to

claim 8, whdinatisactidgve two S-shaped el bows connecting two ends of the

U-shaped el boyg haye, 3}4@&%&9 n%t)lqp%fl@ egin% ledi L6 ﬁ'ﬁﬁwgléiiz The

et hyl ene cr acKi ng e accor er e| ped el bows
in the corfbumwte@qnlemﬁmmcmhymdjommrd proj ections par aI I el to each

ot her. 3. The | ene cracki furnace accprding tq,claim7,
wherei n the c@ﬁﬁ@&f”&‘?@ A6t el I?ﬁsﬁ)fa%g%’itrﬁ IEE’WBﬁ‘ﬁg@ﬁ) rs%grﬂaglyaa[ %M %ced in
the ceypt r b aRbg@hReh id AR chasticaie 13 RaRGHK Ik one tube. 14. The et hyl ene cracking
furnace according to claim1 or 2, wherein the first tube is a branched

tube with varied dianeters, or both of the first and the second tubes are

br &nc hed tubes widfnyand &gclghgﬁﬁﬁaﬁ:re%cc&ﬁ1ng to claim 1, wherein the last two tubes

of the multi-pass radiant coil are arranged to be spatially non-adjacent to each other.

15 3. The ethylene cracking furnace according to claim 1 or 2, wherein the first tube
and the last tube are arranged at the opposite outer sides of the multi-pass radiant coil

respectively.

4, The ethylene cracking furnace according to claim 1 or 2, wherein at least one
20  of the first tube and the last tube is not arranged at the outer side of the multi-pass

radiant coil.

5. The ethylene cracking furnace according to claim 1 or 2, wherein each tube is
located in the central plane of the radiant section.
25
6. The ethylene cracking furnace according to claim 1 or 2, wherein the tubes are

connected to each other with connectors.

7. The ethylene cracking furnace according to claim 6, wherein at least one

30  connector in the lower part of the radiant section is a combined connector consisting

of a U-shaped elbow and two S-shaped elbows located at the opposite sides of the
U-shaped elbow respectively.

8. The ethylene cracking furnace according to claim 7, wherein equal quantity of
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15. The et hyl ene cracking furnace according to claim®6, wherein the
connectors in the lower part of the radiant section forma closed,
substantially smooth curve viewed fromits side view 3016. The ethylene
cracking furnace according to claim1, wherein conprising two or nore sets
of) radiant coils, in which the connectors in the upper part of the radiant
sécti on aSeshHapehtlbownatetairmangsthatshe pppositasides with igsasdtyo thegsairglglangeoicent r al

| a Con ; . : : :
pl ane of ttl?eeraﬁ%(rjl %rc]:ngr?(:t ion and in mnor relationship therebetween.

9, The ethylene cracking furnace according to claim 8, wherein the downward

5  projections of all S-shaped elbows are parallel to each other.

10. The ethylene cracking furnace according to claim 8, wherein at least one
S-shaped elbow has a downward projection not parallel to those of other S-shaped
elbows.
10
11. The ethylene cracking furnace according to claim 8, wherein the two
: ) S-shaped elbows connecting two ends of the U-shaped elbow have downward

projections parallel to each other.

15 12. The ethylene cracking furnace according to claim 7, wherein all U-shaped

elbows in the combined connectors have downward projections parallel to each other.

13. The ethylene cracking furnace according to claim 7, wherein the connectors
not in form of combined connector are all placed in the central plane of the radiant

20  section.

14. The ethylene cracking furnace according to claim 1 or 2, wherein the first
tube is a branched tube with varied diameters, or both of the first and the second tubes
are branched tubes with varied diameters.

25

15. The ethylene cracking furnace according to claim 6, wherein the connectors

in the lower part of the radiant section form a closed, substantially smooth curve

viewed from its side view,

30 16. The ethylene cracking furnace according to claim 1, wherein comprising two
or more sets of radiant coils, in which the connectors in the upper part of the radiant
section are located within symmetric planes angularly crossing the central plane of the

radian section and in mirror relationship therebetween.
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