PCT/ CN2010/ 001703W2011/ 050573 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 ethyl ene cracking furnace used in 10 petrochem cal

engi neerin Back round The ethyl ene cracking techniques i

pet rochem hYPUAR equi pnents mainly 15 include thosﬁ@@ngﬁﬁgd by
LUMMUS Co. (USA) Stone & Webster Co. (USA), Kellog & Braun Root Co. (USA),
Linde Co. (Germany), Technip KTl Co. (Nether|ands), and the CBL cracking
furnace devel oped bﬁtmemmelmgéhmceaﬂﬂomlbbp&%sweﬂlanizmlh g. IA shows a
typi cal ethylene cracking furnace 10, which conprises a radiant section 11,
a convective section 13, and a flue section 12 | ocated between the radi ant
sectiors 11 and the convective section 13. Wthin the radiant section 11 a
set of mul -Easii Efi ant coil 14 is provided in the central plane P of the
radi ant se "t"P gahKiel ong the | ongitudinal direction thereof. In addition,
the radiant section 11 is further 25 provided with bottom burners 15 and/ or
side burners 16 for heating. Mreover, the ethylene crackjng furnace 10
further cohlrimesng IPV%WeﬂelﬁﬁeﬁetOewﬁaﬁww@?en%“?ﬁ”@ﬁ pels syl m8@tEam dr um
16 and 20 dweaf, doaht il Sl ShfcnRONERRK AN FRSInE ATRAR 8l our - Lo
si x- pass ( (L umse(fectlwty radla ol h or w thout
branch#s ofetrahénsibilendineemengers i s used and t he reS| dence time thereof is 30
controlled wthin 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,
W th a propaekepp@iditi on cycle and a satisfied material adaptability. The
first tube or the first two tubes of the radiant coil are of small

di aneter. Therefore, a quick tenperature rise can be achi eved since the
speci i ¢ s¥ad ifleRl eAcRhg [ nRfBd sl AFRIGehchiie Sy font @habhiaiomiiange. The

tubes follow ng”the second tube are of iamefer, in order to reduce

L hoCT i uimelde chowoRteippsb:isi LUMAYS. ol s drabiion g‘a Gt 1y
radi ant Coklillt%sicgt %%Lnb O%Pné g?ﬁ?%gasl,z A 1%(&&%}91%21)7)2 ?Bcﬂm Col-1-1-1

type and 2 Cant’” ¢ of the prlor arts, al |
t ubes there{ﬁthcﬁlraﬁdgelaﬁd ah¢ ﬁmpatachinlgyfmnacar@erdloped by qlking ePatoohgnicile 1 ow
direction of fluid. In the neantinme, the tubes are cornected to each ot her
with commoh®#PH: Fig. 1B shows a typical arrangement of nulti-pass

radi ant coil of an ethyl ene cracking

20 Tig. 1A shows a typical ethylene cracking furnace 10, which comprises a radiant
section 11, a convective section 13, and a flue section 12 located between the radiant
section 11 and the convective section 13. Within the radiant section 11 a set of
multi-pass radiant coil 14 is 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
cthylene 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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10 furnace in the prior art. As shown in Fig. 1B, the nmulti-pass radiant
coil 30 is a four-pass radiant coil, conprising the first tube 1, the
second tube 2, the third tube 3 and the fourth tube 4 along the fluid flow
direction (i.e., fromleft toright in the drawing). The first tube 1 is a
Y-shaped br.anched tube with varjed di ters, Al the fou e

spati al | yl% a 8ﬁ'lqgn%éeea?Fé’H\E{et,u'b?.aé?,ot esgﬁagf‘?éer’tllj eorggrbEeol %%&gg rtg%]ged 15

spati al |y jlmieneaod B@kiﬁ% k&dsitivitye The od-gabeniebiufitisdledieity radimd doflensedi rd tube
3 being arranged spatija li/ bet ween t he seconﬂ Lube 2 ? d. the fourth tube 4,
and so on.carhaconfiguresl asy2-lehiyRet4idd -1 &gr arigbtyre gad 21y e &€ent to the
one or two tubes that are consecutive to said tube. In addition, the tubes
are connected to each other by nmeans of common el bows 35. Fig. 1B further

shows &l | Ronbbs radiantt ¢vdl &4 hdvibe quior| astsaebdubes horeaé ase gghasalpl apasially . e. | t he

central plane P of the radiant secti o I | : rﬂ?enﬁ , the
tubes are agrﬁgg?dallnlsgq%nf’%ﬁ%%@fi'enﬁ%\g(ﬁlﬁrgﬁti:oél. &gﬁlﬁné:znﬁ%é;h%%}ngé’ omgggg&f}(&)ng t he
mul ti - passohfdtit@inb caeli dthérwhh thembh kiowsube to the second tube, then to the

third tube and finally to the fourth tube, the tube wall tenperature of
these 25 tubes is gradually increased in this order. In other words, the

t enper at urygg of g §iRRvsld fypical 848 Hent IRkl PR habtlddillofbs styfengcadiiabl y
increased in this ordér. Therefore, an uneven tenperature distribution is
gener atted foraphién thedpriot akedsisbawnNpridsy éB, theamplinpashaadiantenbds @i 11 al so
exi st bet i gh-te : t i - Bo ' t fourth
tubes in ﬁﬁgp%gg%d,ﬂ%%h%%%@égﬁ ?‘S@Peyh’l tﬁ? Isaéoﬁgéﬁ%nﬁ’ﬁggggfdngg% he tube
30 wal | t enydethatfourth arkd 4xlengdha fluid dlosp dretioon(i.cy dtom déft theaighummtiee.

Furthernore, in the | t|-pass diant cail, of t [.Lor. ar t ubes
are connec‘ﬁ@ﬁl%ﬂ‘«fﬁfgtoWh‘éﬁ 1§ @Hggh’fan@bemgﬁe glt&ﬁc}’% 1?8 | S?Eel%ss' Iﬁgg}gsi rabl e
for absor plohPfubeé aRehtigkpansigen ifebgicats d.el, ThesebndtubelEbeing ubesgedl N a
long tine operation, it will easil

> I y lead L to bending, of tubes,. lowering the
lifetite oPatitly belteamtheHrst el dadrtee (S]P‘é‘} g}?@rﬁe‘ﬁ‘iﬁn@etth’é&lé% YL cycl e
t her eof S%H%géfd A atihE bEAER HeWReShdIRBS b 484 HRFOLAR thRIE Gh& sé bn.thEe BY i OF

arts, the preSent” invention ains to provide an ethylene cracking furnace
havi ng a ntel $dy, pashstubadis samtanges] ispatishly cdjacant todths enenew éwo ttubrs WAk a¥genent

that can inprove the heatin e i MBF i ng
heat ed rr[)r([ég%lé?/cé1 d .?0 ?aﬁggué’gi &I %&r?\lfﬁgérhg%gtru Eés)seaﬁ? c%)%%?g{r%ta ?lc))%a{’mu?tth %er glle?'r% to
provi de  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.e., 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 to
cach 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

-2-



10 an ethyl ene cracking furnace having a multi-pass radiant coil, which can
.enhance the nechani cal properties of the radiant coil, increase the on-line
percent age of the cracking furnace, reduce the operation cost, and extend
the lifetime of the coil and the operational cycle of the cracki ng furnace.

15 According to th ent i.on, eth Ien urnace having
a multi- pé&g Oaieﬁt*g?,se qwqu‘gﬁﬁ%i}%‘iﬁ‘é‘& Oﬁgﬁﬁqql tﬁ eéc?lgﬁkgﬂ?l ant
section. kp gﬂgedtlbﬁ@y@gtth@&qtl on there are provi ded WI t h bot t om burners
and/ or .sidewal | burners, and at |east one set of nulti-pass radiant coil

| ongitudinally arranged in the radi ant section; wherein the nulti-pass

radi ant c f en- pass type radlant coil. At |east one tube of
f'tRé frivehBloh €N- P yp

the 20 nugPhyha S ﬁggfghb 80|I is arranged to be spatially adjacent to a

t ube whi ch |s not consecutive to said at | east one tube. It should be noted

t hat W|th rdt t first, tube he, t ube onsecut i t he
second tu &EF (2‘&8% o E‘}hep]g%f @&Fd%fl%%eselt Hgvﬂf%ésa\{lg%trgg c(ﬁ{l?e{/eﬁt her et o
are the fleﬂﬁﬂler%&:ré b% aitfadeNenvidy 8 gmiltihass ﬁtﬂﬂmﬁﬁm@,nwhﬁt‘ﬁtlhclahslaea@telone t ube
of the multi-pass radiant coil being grranged to be spatiall ad acent to a

t ube whi chubesafﬁ%tge@éhts@éhﬁtﬂlt!@l@w h]ée ating £opdifap sp Ajo <04 18 the TheSst one
tube can fg; é%g}{ﬁta}eﬁlrhéfre%ﬁ‘l?em addtiéh, ttl‘t@ﬁregtﬁi‘t' iR@nBol AIFRRF ity ® Metidel ose to

that of sal east one Therefore, the even tenperature

di st ritbut iaorethyilerei atackire fuattica heviag ot multi-raan radiane ceibovhiclean erhgnesibe
Consequent | N a e e h t

| ower ed, %:h?étlag % I!de ?%hé ﬁé&! Al ?{é’ﬁ% ?‘& @leﬁg Re é%hj[ g?dgtt:ﬂgnal
cycle of tgrkinpafliaog réwceabaaopmmldmtobt, bed extemhttiedifetmﬁcofrttie nayl td thia

enbodi ment of th res ent the last two tubes of the nulti-pass
radi ant ccﬂPPraa‘P ?156.’3@& é‘fféﬁ“?al |y non-adjacent to each other. Since
-3- the last two tubes have t he hi ghest tenperatures anong all tubes, the
thermal radiation influence fromthe hi h-terrperature t ubes can, be

ef f ectlisvelAcooeting tythe preseat igventionpan giliyfeae eracking dwmacs kavae § ARG-RaSant coi |
can be furlgey Aoﬂvﬁﬁ)?&lgﬂngoﬁl@q gﬁtt l@a%tr&ﬁe kddigh 'sé@%oﬁf Inttﬂg récﬁﬁit%é'@tloﬁo' | and
t he operatlona urnace can 5 turther extended.
Accor di ng thexearmprbendeémmhdlomtent bwfiers Iaed/pr sdewall bm‘n@m,tandﬁtt leapteonpisetsal t ube

and, the | Sl ol R0 5 L euET bl S-SRRSCHL B 5T Rt5R, Mool e

| east one @it pes tddighk coillea - tfof'ten-lpassttylbdlﬁélaﬁf cchh e&tm:dst bagpabs of di ant

coil is not arranged at the opposite outer }s:y P‘SS of E/nol e ,mul ti-pass
o

radi an® conplti-pass rﬁiqtaﬂthé’ﬂrﬁso?ﬁaélgﬁhé? &g spatigl pofgt tt‘b N © MBGHITERN  of the

present inygl duﬂ@etotéaﬁiét‘!@a%ﬁo@tuwe mul ti-pass radi ant coil are connected
with each ot by means of connectors. Since the

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

-3



15 tenperatures on the walls of the tubes in the nulti-pass radiant coil
are different fromeach other, the thermal expansion between two adj acent
tubes will be different, thus resulting in thermal stress. In one exanple,
at | east one connector located in the |ower part of the radiant section is
a conbi ned, cponnect oy consi st.i, of a U-shaped el bow apd .{wo S-shaped el bows
| ocated atth¢ ﬁ‘ét Bogukgsthave F}@é‘égl?gﬁ‘“ [ AR CAR Y @geqlﬁtbt%szgerté%@&a]ﬁwziﬁg' Wth
the above i5A-Eent ARNEEE-Um SR EiSlbAdc A b eBRRAH relubaiN hertortt hbaped
el bow, the thermal stresS generated from heating and uneven burning at the
opposi te cutfese dinpweatare ofhthecwidiant goil tan dissrthedlowsseds raaf s, botbyBe bendi ng
due to thg.dhernal r Ll
pr event ed. VFTE AT G HIRRT ch 3L R obGABAATY BESEIR FadSRERRRERN BE
ef f ect isvel furthemexeended. Consequently, partial 25 overheating due to tube
bendi ng can be avoi ded, and thus both of the lifetine of the radiant coil
and the operational cycle of the cracking furnace can be extended. In one
exanpl e, tn&:omta%&» hibthdiQenRiAimet o@lﬂedﬂﬁrega‘m ientic e firss ebt iand tlarlastar r anged
as not being spatially adjacent to each other, and at both siges of the
central pltghe apharenggd @érfge PPBOT Eeertg) ﬁlﬁe%aﬁg}e yhalsteli-rees et foll el bows
connect ed : h tg R Afture in
the radi an@ggeggﬁgn&?@%@re ’\g\“/é’]ﬁ?f%f“?? ’?i&blg{%g?ggﬂg&t%rgt%igg:ﬁprti olﬁt§ caused
by t hetaral tubt pésls: mahi-pass madientescéhisynotlbengsdcit thitheprosite shigpsideepbiis have
downward pr %)ections Jparall e P&éﬁ]

0

Gomnmar o prByEGSREBRR i bR B D of coti one of the. ot her o

e
v&nward projections of the others
due to structural requirenents Likew se, all U shaped el bows can al so have

downward projections parallel to _each other. Thes rran nts.are

advant ageoft§cat gdﬁt%ﬁrﬁ’%&dgn%r%f tg%ﬂ?ff‘&ﬁ‘ft I_EY‘?”!B‘SP’{J&’@%“I%CSI%%E?? MBf-PPFe above
enbodi ment 5,4iPeoA0KRI BRfheGBMNREL Yath ARGSHy hés 0ff SoreRaeRd Sthkwwe and
U-shaped el bow, for connecting the tubes in the I ower part of the radi ant

sectiots fismpetatyevon the willsofdhetibes insthamutti-passiradiped cod s ditistrat Bgmye in
t he side vjew, i i SCI ] [ | ks ceto
Flgs. 3o- et e by BEpBERE AR AToMHeBAGDA, oL i, Bifclel, 201

Furt her nor sssulsiagin thenuansticon il ol bowplahi Ehstane commtecion ldcaterhio thetlhwer

above-nenti oned conmhj ned connectors.can be placed. j.n the ntr.al ne of
the radi anPa%leﬂieo‘?rﬁT‘Bla?ﬁé?ﬁoﬂrl? ﬁrfﬁﬂﬁ’érf@sco\ﬂp?‘ﬁorbceonglﬁt}%?g&gdgl%apf grelﬂg)ll%fai ni ng
a conpact ghd YebUS-BhapRa EIBSIWE Nechtdd aDalid oppdstte fdaces sies U-¢Haped iefttv t ube
can be a branched tube 15 with varied di aneters, or gth of tge fi rdst and
the sed®ndraspeséivelyr Wity thacheve eupigedwemediar PFIsng pédathaped elbows an

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 ceniral 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 etbow.
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

4.



The present invention presents the foll owm ng advantages over the prior
arts: (i) since the high-tenperature tubes and the | owtenperature tubes
are arranged alternately or 20 in a formof partial interleaving
arrangenent, the heat radiation influence fromthe high-tenperature tubes

can be reduced,, and the tubes.with | tenp I n [ eat from
t hose wit Wlhﬁ‘?rﬁ Hug é?rﬁg?‘g?@tjé‘?quggmﬁmﬁ'egﬁe 1% ﬁéﬁ’%ﬁg%cfg]tbﬂr%g%g lgllsshr g%e of the
hi gh- t enpejoainaed propgfosapariite] towehether aN@sdatdngerhenth erelddvattageeusfort he
radi ant coil .and the operational cycle of the cracking furnace can be

ext ended; RININEaVeRECAPaGE SIS W SNDhi ned connectors ot her than common el bows
to connect the bottons of the tubes, the nechanical properties of the

radi ant coil can be significantly inproved, which is advantageous for

absor bisng Inhall nfithesthors snperdbnents dhd yombinpd conngeorsyichpastingcelsSseargden t wo

adj acent tuybes, thus.preventi Lbe : I her mal
stress, afgﬁ)%%%‘l@f*ﬁ%ﬁ% %@%‘V’%&fg%‘ﬁ%&tﬁp L?eﬁlf: féﬁbr%l%‘gﬂ%ghﬁ?rng#ﬁéﬁ@e téé\}gar{%tual ly 30
ext endi ng deofidn, tfhven © peifidéd boncloyel, eymmetricel aalaokiim@u oumeadethandetvizay,| i f et i me
of the radiant c¢qil. Brjef description.of draw ngs., Fi I 0 typi cal
et hyl ene c‘W@Gﬁi"Hng@F?ﬁi@édQE éi‘f’(ﬁ‘iq?? ﬂts&”ﬁhr@?eﬁ?rl‘%tigg}ﬁs‘. ggpﬁﬁfﬁéﬁ%ﬁg a

typi cal foypswass veadiadi inGatibuslottst ure according to the prior art. 5
Figs. 2 to 9 show ei ght enbodi ments of four-pass radiant coil of an

et hyl efe cracki ng furnace according to the present invention, respectively.

Figs. 10 L@, fL.aRAW LURD! ol SRBOUMRAL Syl St PRRS A QGbANt o Ofle Of an
et hyl ene cracking furnace according to the present 1nvention, respectively.
10 Figs. 3@o3b-nsmtiondcdwombinbddioneerticrs amooredplaged m dimotérdral abamecef dfc t he

present inventjion,. wherein the connectors for, connecting.the_t forma

profile of ag5ht ?‘?FE‘BHS%?FF\P«%TE\“%‘W S%ﬁ“hgbev YRageous Oreggﬁmg}ga\e}vicﬁgl%a%e sane

or sim | argthiRhé eAS eeduitellen paftibubatpeseckdts, thafesiaobponebt adrahediciber e. |t

shoul d be noted that each connector for cgnnectigg t he tupes . Fe | ower
o B

part of5 t hwithagrigthdiasmesers.opr bl pd the Gigstyang Khsaseep § are DHRC rFtF @y
forms a profihharidf didfcet i nUous curve in the side view although not
shown. That 1s to say, the side views of the conbined connectors in these
figures are simlar to those of in Figs. 32-35 (i.e., the | ower portions of
Figs. 32- 3%?16 present invention presents the following advantages over the prior arts: (i) since
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 result, 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 by 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



Detai |l ed description of the invention 25 In the follow ng the present

invention will be discussed in details with reference to the acconpanyi ng
drawings. It should be noted that the present invention ains to provide

i nprovenents on radiant coil in the radiant section of the ethyl ene
cracki ng tures.in the et

f.ur nac Ot her. stru acki ng. furnace, such
as the cor#g'gf‘éfg@v‘és&vp@ﬁl et]g)ﬁgnes%acil?% e F‘?ér{?g? thté%a:g?r a(}hd the |ike, are
al ready known in the prior art. For exanple, the transfer |ine exchanger
suitable for the present |nvent|on can be doubl e- COI| transfer line
exchanger KigdBrshaws pityideal foyr-nasy wdiant oril spehasgrerrding oghRPHGrAEst or | ne
exchanger and the first level of two-level transfer |ine exchanger, etc.),
conventional boiler, bath boiler or quick transfer |ine exchanger.
Nor eover, Fige 2rtadi shotv aght endfodithents pf fowepassiradiamicpd of eaathyleng aiackisige f or

cracki ng mat er ui.d nat can be used in building new
cracki ng ?@mﬁgggcogfngﬁl g’ﬁgfe%ﬁtgl?‘ﬁ’ 18%1‘%?13,6%%%@? acki ng furnaces. These are

known to one ordinarily skilled in the art, and thus their details thereof
are omtted here. 5 Four-pass radlg coij |

enbodi mentF8f Kolgr3pHow paatuivo empe H@E@r"él f’atsﬁ)ral tﬁP{ls’gﬁP eﬁﬁ'@@?‘?‘tl on,

whi ch ‘can &ﬁcl&ﬁ ﬁarhd&etaa?or@itn@(é fRGré&eACkiAioh UesRegyelf) Shown in Fig. 1, fpr
exanpl e. sho 27 along the flow direction of fluid the coil is

d|V|de©D|nto f our passes i.e., the first tube 1, the second tube 2, the

third tubep é(s:fagg 35N 8810?5 e (lt))cﬁm nts 14¥ oﬂéﬁr{gs&) tax%’cﬁe p'eﬁteof tltiePﬁ h@t t ube,

is a Y-shap ranc var|e ters, I's a known
in the primvesidn, memaﬁte totectors dor, commeecfiogirthd tubld:se ferm iss prdfde ou& | et

tube. Al tubes are connect.ed with each other by means of connectors
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 aiready 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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15 21-23. In this context, the connector between 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 connector 22, and the
connector between the third tube and the fourth tube is referred to as

connect or nd so on. 20Faq veni ence | | [ f the
first tubé’r‘igen?’d’é’e’étéq{‘o?f’ﬂ‘ ?%B'él{a?& foﬁératcﬁmgogaﬁdﬁagermqa?ﬁg Iy n2£ %Lelﬁf"‘ ﬁsapgbe 4 are
defined ascafibe Ustd ikDbuddthgdew @BRRE merhaxes bit rdcSndieR@dngd yxivtgecstkiad t hat
with the cracking reaction carried qut he errperatuanﬁs of .the tulbes wi |
be gr adua|ﬁu§nap¢ﬁc QazecHte ey to W@efolf‘é)‘ﬁﬁféiﬁ’rsléﬂlefidﬂ the grhrandghygtheiydetails

Tl c- TZC3<T?1‘ gf gthe first tube 1 and the fourth tube 4 are
respectively placed at t e opposite outer sides of the four-pass radi ant
coil. However, according to the first enbodi nent, the second tube 2 and the
third tub 3 are s [ﬁtipl .y arranged so that the third tube 3 is placed

bet ween t et WHkasH r Yand the second tube 2, while the second tube 2 is
pl aced between the third tube 3 and the fourth tube 4. In this arrangenent,
the third 30 tube 3 haying errpe ure of T3 is atlall dj acent to the
first tubelig AsUoVYyhe fé@hﬁéﬁ%‘ilﬁlﬁé‘? o paaeding SuckRereRat B kot g a

t enper at ur ﬁvéﬁno]izwhflﬁtcaﬁ PRtus@d [nythe Bﬁfﬁfféilefcfdéﬁﬁgﬁﬁrrfa@él 1) BhdwibR Fighavirg a
tenperature of T4. That is to say, tenperature in the radiant section

11 is t stedampledisahown in Fig. nzloaa@haﬂowtdm@tquf fhuid thepetl is diyideddpfoof t he
| hj
relationshpp, Jﬂsse ] g?g%%‘gl]t{;bé Pe[hgge[r ﬁe rﬁﬂg@t tHQQﬁﬁrc?{Jb@@tdf?%ﬁ)’fﬁ)u{tﬁ%e the

uneven terrper ur Form 1 n sect 1 on e meantine,
since the 4. h’ll“h@:l firstbi@ba 1i, 9. eseqharlateladuljer asnat Wehdpedr brandhed gulde whithowaytedt he

second tub , the ther i ati.o romthe third tube,3 fourth
Sone"s i fiaRiieky pishir ancady WaPut e iiaro £hd Beie 4 e u B bR 41T 0
wal |t enpefsah ro@ﬁetothbé h&ll trlihds Chré UBnedted wifld chdheotheuby Mehndef éonnectors

Consequent | y, the arrangenent according to EPE? pret?lent vention, the
surfacés t _e?r{vyé?’ahﬂ]ég entente thearpnaertorn: betyoen Hicplirst (ibered 3 UBhe t hus
the |1Fetifedld b cbdoid ™M, i3%oARGAG IeBkeiMAL SecBhd hibe oR kit by nace

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 T1, 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, TI<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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10 In addition, because the wall tenperatures of tubes in the nulti-pass

radiant coil are different fromeach other, thermal stress wll be
generated due to different thermal expansion between two adjacent tubes,
whi ch woul d undesirably influence on the lifetine of the coil. For this

pur pose, connector 21 accor to the present .in n i s designed as
a conbi ned‘e‘S%?ﬁﬁ PRV en [(NRAKALHLS th‘g'éu%’fméh @F?Qb%eﬁt@ilgg\%nf% DEALINgEs ¢ wo

S-shaped E‘sler:QVt’ﬁe ird e RG] @é‘ﬁhfrétt!& I PR ABEHR tuble WOt % thé sédagd Witeimped
el bow 41. In this way, the thermal stress due to different thermal

expansi on th¢ themalamfiw@emfrmm itss thirdrtube 3awd ghe denrihytubpd wishielave BigRnect or,
so that b et?r%g&%tu?és éan%eoa?gﬁﬁecg 4& %§ R 15@%; |t {eﬁérahﬁesaélﬂhg thtifdJﬁJFg' gr

ext endi ng etine e radi ant and e operation cycle of the
et hyl erse candcke fgurthutubace Ccﬁ@equbnt:’o}bomtldtﬁeearmngedemhtat:ordmgtthlthe erebcnjl ment ,

t he connector 22 conn ct|n t he se h ird 3in the
upper par tVEttORehE S %ﬁ?tte’gigﬁrﬁt‘%?lof@‘egﬁl?rﬁ 8558%%ﬁ rﬁtef)gwer% g}us it is
under st oodhé Qif@ike SKitel &A1 4l theepafatioh gtletdTahe onpkaE qumade 6fn BOboE@N €l bow
can al so be replaced with a conbined connector consisting of 25 U shaped
el bow and S¥Kaded el bows as mentioned above, which still falls within the
scope of the present invention. As nentioned above, in the prior arts all
tubes of the nmulti-pass radiant coil as well as the connectors thereof are
di sposed iln addéionehtaambe thleamll Rmgkratires phthibanin theoniltirpagsiradiant ga@l aigi s

structure, era dlstrlbtlon iant. s neven
because ofdlhhlémt fra ?a[c ° 51}?88? fﬁ’s% d‘ltﬁjte gﬁ%lg%c(gu%stgd(%gg}e ﬁt}{e?m %
| ocat ed r edxgphansiéd Yefwren atmyadjddent hbef,i which emmailunmuah@cmﬂdmg dgrothehe

present inyention, all r tubes are t|II arr anged the entral plane P
of the radiighmesectheospil ﬁ%ﬂe@@r purgescs 1 ‘?M‘fo?xt?cf@ir?] ECCOF ngt? E‘t PESEHaped

el bow 42 'mv&xttﬁmqera%@@ét £0NBEAbIAED SdnifceidR arkibi Godstd beartﬁatape@elbbw e.
the lower end) of the first tube 1 extends fromits front end ( ocated |n

the cehfrafl picatyeo S*)shamdeﬂlbpwsﬁ@ rﬂéaruesnﬁ&tweibtﬂatcpfeafr%m ents of dleg oﬁhan@ e.,
t he upper f t ﬁl ] i |@H\1 at its
rear end t%gé‘%eﬂerlt%laﬁ¥ Qﬁ%bﬁtﬁh Tgtrgﬁsbdgl\?v Q%ﬁé ﬁgg%%a%bae?ﬁ r% connector 21.
Fromt he ratgatcep’antbemi:aﬂ e albatdbahbyﬁhs ecmbinnd cbimmctdr,sdmﬁmd bendiogvol ther uns
angularlyaro th cent rt of. ..t he radat
Seotion (e St et olroisiS o, mutbepometing s 1BRkhe BL i G bR
connect s aﬁndﬂﬂ@oﬁérb@cﬁn@&@b@ﬂtﬁé e1ch® oidbking BHaRE. s-shaped el bow 43 in the
combi ned connector 21. The second S-shaped el bow 43 runs toward the central

plane P9 with its downward projection in parallel with that of the first

S-shaped ey %lﬂzoe Qd ARP LS ehBod Jﬁlv\}#"%é( E(ﬁﬂt@ct‘é‘f‘§2 (:bm?ectmé AR deeMRs end)

of the second tub e Its rear en | ocated in the central plane
P. The sectubd Ztaxtdethﬁtlmt}hw@ct%mtfbetuppertmﬂmf th@ub@l@‘ttsmtmgh stihe eonpett or 22

ot ra t oclbPR: BEREYE! 1Pl Wfetiopd s i ddichi R ind i, BRRLARScoBPCt or 23

and the fo in-asrm manner, i n
S- shaped eb(blﬁiaf\ﬁnht&b@wdwﬂnumi dheprgjlaeti with 4 rombirel| elnneéivh ceasistingt ber. In
this U-shaped elbow and S-shaped elbows as mentioned above, which still falls within the

scope of the present invention.

As mentioned above, in the prior arts all tubes of the multi-pass radiant coil as well as
the connectors thereof are disposed in the central plane P of the radiant section 11. In
30 this structure, the temperature distribution in the radiant section is uneven because of
the significant temperature difference caused by the tubes 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
tenperature distribution in the radiant section 11, and at the sane tine

t he distortion gener d t hermal stress.c e s u
Ther ef or el,t’het lﬁgegﬁ? ai?:fét%?etb%tewg? L}r?tﬁdstiﬁ%gétsig%?t%g?%r%?tgggn%3 ?egllctfé%ed, and
the lifetpnge ) tbiard adi Rot paoidf thndadidit sogimall oire. ctheluppef parhef ehdryl ene

cracki ng tfurnace can be extended. It can be seen fromthe dra '{ththat t he
st ruct ur ecoitra lane Ui e dragmepagnd copnesitatdsy rear £¢ dpyoCoffhet Wi ch is

advant agegy i f T , i of
@Jlﬁqugc;] tel*bggvgfls B @g?ﬁglﬁé& d@ﬂﬁﬁcéorgﬁ. oot thOtdap paft o g fﬁﬁgﬁeﬁ

four-pass ra ng to t resent invention wll
descr i bedsedton, thadJ-skdped etbovoht rgsraagslarly actopeth sentealinhapedhioythe Kent eat ur es

or conponents.or functio i ffer t td i bl be
descri bedPaKtX/r?ff ;?l?ee Eaﬁgnégaf%ég?fhg |1§¥V$1§1§ar{ é@%rchg?a&p mc?l(@)r?p%ﬁggfl gzgg}f@f \équ]((h:ti ons

wi || be owrbfitcett. at 30 bihgr eRd sHeoses tb hiee sseondh 8-shnfrddilbentd3dh thooompiasd radi ant
coil according t

the presept inventio I n thi nmbodi ment, _t he connect or
23 for coﬁﬂ@@@?%éltrﬁlée ?eég?‘?gv%aﬁqgﬁén@w |23 guns t?‘ﬁ%r%t ?Fﬂ‘qﬁaﬁﬁl@n%P’a‘ﬁ‘gh he fourth
tube 4, i YodmihAtrbjeeid inbatIRPRGhehRQW e TREERGhpbd LibEWCRTBAD&MnEARNECT OF
as shown in Fi In thi's way, the connector is also located jn. the

. 2.
centrdb plteks %O@E ench@.cr.oitip dowversad) iafrihe Wrosd drbeaA g iearaddshBifA Fs
structural )y, i%@&en&ﬁfﬂla&ﬁ?ﬁ ’Eh@setcgﬁd {ultk %tcoﬁﬁ%hg%}ogfﬁ?tthir@ﬁ% 8afrohign easi |y

manuf act ure eat |'Ow cosS enables it sul or sone specl al
cracki ng fthe camectod 2 geated iandie Scentraplahe B Hihedtharddubi 8, floucombivsthodi ment s

of four-pass radiant il.accardi to the .present.invention.r tively.
She Chi 1 0 anerelRet tnd e SR dnfLA: © Aprangedin, & Fimylay fuahogs N AAER
and the S@ﬂﬁﬁe@@%@&smﬁesdémﬁﬁt%ﬂéjﬂcuonsexppﬂﬁllélharﬁthtdfhehfdthal Inube 1 is a
conventi onal non-branched tube with a cgonstant di aneter, instead %f a
brancHéd tuawenityn Sraieped clhoaitere puangedilg e frapigRaresid gyetiePapor the

advant age Q‘?’iﬁ?lﬁt%ecﬁ%lg glégﬁgbtmeﬁr. GO P HRE GRENARRRENE LAGL "DnkdtiAaE Qubeki 9. 6

shows the fi e nt of four-pass radiant coil according to the
present i rbeeng spefiallynhorehdinesnbasi tatl |ty atthercsame tepspergtarer diplsibuéprbdibgent .

However, al t.hough.thg fi NN .0l i idl...placed
atone. of TPHETGRRER T abd Bt ERBe fing w8 iy bbeRled PRk sikscP! 229
t he out! etbet aiderbetl sequablypTheetbrat tHehaurfiichaempertere Sf debascannbe Hartlidrr st

enbodi nent, but is spatially.closely adjacent to the fiyst.tub . As shown
“n R G0 6, edyred andee diteTar b5 St g Do RO ATELS 1 LECRWARC1T 1 an
order of thgkidd Binact B Bo exdtéiflefiourth tube 4, the second tube 2 and the
third tube 3. I'n this way, the tenperature of the tubes in the radi ant

section 11 is distributed as T1 , T4, T2 and T3. 20 Consi dering the
relationsh Jeis Hom fis ¢ thé Obs SP1AC B UGGbRE oATE
effects agkg%@??efgg%énnglgda?%%gﬁh%% aﬁ%ﬁtﬁﬁon, 2%1%@% tf1e ?ourth1 tulge 4
havi ng t hds kighestpattewhahds adentagedusdart bigeresokbgyfutiaee.f i rst and second
tubes 1, 2 having the relatively |owest tenperatures, the uneven
terrper%?t ure distribution is significantly suppressed.

Next, other embodiments of four-pass radiant coils according to the present invention
will be described. For the sake of conciseness, in the following only the features or
components or functions different from those mentioned above will be described,
while the same 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

-9.



25 Figs. 7 to 9 show the sixth to the eighth enbodi nents of four-pass

radi ant coil according to the present invention respectively. The

di fferences of the sixth to the eighth enbodi nents fromthe fifth

enbodi ment correspond to those of the second to the fourth enbodi ments from

the first respectivel whi can be readrl d by one
skilled i ?ﬁ@q&ﬁpan?ﬁe?g‘?‘sﬁé%a’?‘#eec %‘%W%@S@F%ﬂs ¥ lgégg‘iﬁrtaﬁf

onitted heffpleSikin Mg $n (IRGrM Y ithent Fr@ cad e ShaWsmididadiies bt lowhadi, ment  of
Si X- pass radrant coil according to the present invention, which can be used

in, for exuiphenabigsdt %@ﬂ%?kéﬂ@%ﬁ%@ﬁ?lﬁ]gcrﬁﬂﬂ%@@a% of Fig. 1. As shown in
Fig.lO, along the flow direction of fluid the coil is divided into the
first tube 1, the second tube 2, the third tube 3, the fourth tube 4, the
fifth tsubeFigs.ahdnd heshbwsihetthird wbd the fotith érbatimenibef fouipags radiané cpill et

tube, is a Y- branched t be with vari i r | ast
tube, i. e'a,cc?rﬁglggt %%prteﬁ%% 1r8/en 1gn {eﬁ%ecg ?lpe’tﬁetdtgﬂé%ﬁﬁhg f?tﬁ%%\%hg(?%&ggtﬁnect ed
with each g¢ fgeﬁerﬂw fiRafameads theMracindrtie 2dcodd enfbodiniets espeetively, sixaepdi ng, t he

tube wal | sinthe first tube 1, the second tube 2, the third
tube 3, t trﬁt E“gﬁel 2 Copventipga) rroagga@h%ﬂérlhﬂh@ﬂ% iqoRstEpdeReiihe

def i ned asmgiéad of2a BrdnchEd: whe e THideenasdidyeTis birahgenthy irais by

understood that with the cracking reaction carried out, the tenperatures in
the tubfes advantageougferdueertain draekingpreecsa pohefaeiiag fursagedi rection, that is to
say, TI<T2<T3<T4<T5C6. 15As shown in Fig. 10, the tubes are arranged SO
that they are spatially distributed in a sequence of the first tube 1, the
fourth tubBigd shéwes fief fifih tmbediment bEfmepassdradiabiecd] adchelinighior tile pprdsent3 and

the sixth fube, 6. Therefore, the te ure tr| |onvv|

radi ant se@VFRPNsYhicd ispasically thess anﬁeg"})%ﬁ%%ndsmm ogFven 3 }%"“‘g‘hrhe Because
of the rel gist ampshi R.eQfthel inﬁf%ﬁﬂ'@ﬁ étﬂTﬁﬁﬁed hﬂ@eadﬂtﬁ@@emesideﬁaﬁtmfrﬁaamﬁ vely
reduce the 20 uneven terrperature distribution within the radi ant section

11. At 1% hecojhrike fough tulg holes.+ the Oflﬂrtttﬁb%dbéO%Plﬂ%eds%é‘&f'e%thr SHeR e & Wi h t ube
6 by ”eansthgfﬁrgt%lgﬁgrﬂ&g ﬁlﬂl??ﬁ;%ltl?ﬂ? {?gaataﬁjaﬁgﬂtt&'% st tabe 1 NgaEhdvatinat | on
etween t t

i nfl uence generate be'5 and the sixth tube 6 that have
rel ati vel yFigi g,hthc tihee pet arranged spatialdy iethe r@bwg@qu@mlllyn an lpedeg of ﬁwd'énfent

accordi ng @%812 | %ﬁé;% i%lnéilh? ghﬁt Ise%%ﬂg %1%6 ra&1 etfle 1@2@ {ulbg he Iﬁ Li!lrnfs t%ﬁa

t enper at ur t eof and
t he oper at {eapetitint @f Gl fubes iartae kidimnt fs:wtmade is éﬁtrlbutefdhze 11‘11, fr;d,; T2atd@Brent of

25" "o FOULcTPDe Ao NP i 25 E3E T brina SriigoRiet] G ST SG: o ned
connect or  gORSERIckEs Bf RstenbRaehte LD aMida sinoe ﬁﬁﬁﬁeedbeeir lh@Wﬁg At
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
cighth 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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are di sposed at the opposite outer sides of the U shaped el bow
respectively. Thus, the thermal stress generated between two consecutive

t ubes can be absorbed by the conbi ned connector, thus avoiding the bending
and partial overheating of tubes due to thermal stress. Therefore, the

lifeti f t di ' nd the . [ LC . f b
Fur cher - ebterdoto Rt (R it ciopdiegt BFsRAG AR FUF aoBlpd hpe ipdaee oo be
connect olr gqv%ﬁti?_%élv}iiﬂl ¢dnebeupp@in, m@rdxambldet,ﬂe etl@ﬂiinag_rﬁ&lkmtgifgmadello of Biggi | | ha
commobn el DOWw. wever,, It 1S understood to, one skill.eq, In the art that
the connedt 8 ghown imlzgdp, R BT ah oG (s i o et ned
connect or (AN il tbn® futk 2 IRPESILAOY RO TouRSAIBLHE!IITBIELAS o Ihé Oned

above, which stil hin the scope of the present invention. In this

enbodi frensixtiatubedt. X heuliiss tube Isiix- phe dnletaldbarnis achshapad dranchedhtiba Wwith t he
tral 1 P ; i | OF f i 42 of
e cont SefbERTRERRL B8 el 85 o T o WiabomanaRefueldey, 22 ©

t he conbi connec romi is1n e

central phs@nReacdiwithraccdthertty méensbf cainettoise1125.t oward the rear part of
the radi ant section, i.e., the upper part over the central plane P in the
drawi ng, and connects at its rear end to one end of the U shaped el bow 41

of the comg} pegerc@eRNAIMg? the b Wdlh@niRakureAlr theffirkhaibe aditaniecergt i on,
the 15 U-shaped el bow 41 runs alg%ul arly across the central plane P to the

front 1Par tuksf 2.t the thisdituhst 3. dbe fowshy tupe &, the filth Pehret apdithe gxthitibe avier al

pl ane P i IR Q5 t : [ e second
S- shaped eralegggvi %3181\(,5\/;&{ E?é’aigg %?%gg%c%ﬁé%{%? Itczlg Bﬁ‘?ﬁgﬁg g}é&(}ﬁ%&%{ 2’%@‘8@% el bow
43 runs t ¢hecthcking reacttonatarntdioet, Rhevit¢thparatared darthartabesrwilke be ignaduahly par al | el

with that .of the first S shaped el bow, 42 the 20 front end,
e ! Dhe imossispd aloge B TR dRBEEEn A 1A B BRSBTS whtch i o | ocat ed
in the central plane P. The second tube 2 connects to the third tube 3

t hrough the connectgr 22 |located in the central plane, P. The connection
from tie th ShwiBd e (0o thewbes are Arangsd S@,fﬂ?tﬁ@%ug‘maate% GiRRES ot g s

simlar agefisicd Of 881 MGubs 1, MBI tPube %, BRAFABE BOUR DA (HBMWAE d
projections’in parallel with each other. In this 25 manner, three S-shaped
el bows ar dhird§psct andlihe sixthambed. Therefose, fthe trmpsaatercahigiribyieon withinghet of t he
radi ant sect.ian r.r ahg r e

G st i but ragetseptdF £ TIPTICES, $A°T FRE 16 TR S AL BEEREFMEL 11 o
gener at ed rbptibiwhipral TdkTesEI B IleTab sar remhgeqgestbéan. efidvevell aedycetthe surface
t enperature of tubes Ca@}sﬁrﬁ further

{edu‘%eq, nd hﬁél ifeti e of .t he
radi art® cdiPPVEhgMPRENER N Sy, tgyra AR B hy e e PGS nace _
can be extgaded wids &apabRl $EAMNd s thhes 8y awandof Makedond tsie Vsidune of this
ki nd of six-pass radiant coil is very conpact, which is advantageous for
| arge cr adkirdgutreud.rthe deat radiation influence generated between the fifth tube 5 and the

sixth tube 6 that have relatively high temperatures is avoided. Consequently, the

atrangement 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 ments 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
been disclosed in the foregoing will be described, while the sanme or
- simlar features qr nents.or functions wll 5 be omtted. Fig. 11
shows the E@@ﬁﬁﬁmgﬁﬁ‘ ﬂ%ﬁﬁf ended.qj pass radi ant coil according togthe
present invention. The second enbodi nent is generally the sane as the first
enbodi nent, except that the first tube 1 is a conventional non-branched

tube wi t h Ihshoyldbaneted thadim it @ﬁbOdlmﬁmeﬁw connesiass dhcHcl® tae PPPSRPER %ar i ed
di amet er s. tPg fqglhan]s%ctﬁlhoﬁﬁstsﬁﬁa Bhdnfbe’ E{Iﬁ . ety nIgﬁt d?hffdo?ﬁé&jhtro%'e%mleﬁo' !

accor di ng Fesent i nventr on. | ment e connector 25
for comnedhithg att‘ﬂ’lﬂlat dlst comectonh@s, 24 oé‘ contrinen Bibbwheanuitlso Headwdignbd asi xt h

b d ha
connect or ARG HCGOE T TELAL Y TRe ReReapers SETRARERG

| ocat ed i yhobg vaeer §tal fank d@irRhekcdpeaftiadiraseht iseattioan. This arrangenent is
structurally sinpler than that in the first enbodinent, and can be easily

manuf actured at | ow cost, which enables it suitable for some speci al

cracki ng flﬁ{rtﬂﬁcﬁnboglﬂngﬂtgall %ﬁ RBAVSF Lieaboubial &P MRAEePin Sk XeRPaS

radi ant coil according to present | nvention. The fourth enbodi nent is
gener ald y plhe Eafr’élea&ilarﬁe‘e@tiﬂnr dhe fityd S hepad, elbo&cé%pftm;;;pmbmdfqonlsqctqrube 1is

a convent i pnal chﬁr %ngrggg? 1&1\{ ItS rfté@lﬁ:ﬁ%ﬂf?&l%ﬁéneqi Qﬁﬁhﬁxﬁeg@: P'Jslﬁ?g tof a

branched t ers. Shows odlnent
of si X- pastabé agioaatd ﬂﬁlrbarqmmftthm eadiamt temlop,rlesethe upparguatti aover thetveotnali s

basmallythe s the first enbodi nent t h first
tube 1, @aﬂefﬁg‘?‘?%@mgm congects #1fs rﬁ?fafﬂ}éd" gpe B‘P“f’e"@’ {Eﬁg%é?ﬁ“igﬁ % des of
the radi amll &Pithe chitBintd Xlohntdire2f FomMde RaAGRA & thiehadRkhesction! te Si de as
in the first enbodinment, but is spatlally cl osely adjacent to the first

tube 115 AsUsthapad ¢lbowridd runsianguhalyt agsess the eorl a}aﬂérl’g dhe fent aatt oL the t he
radi ant Seﬁ%‘aﬂ?%eyloﬁ N eagheffo‘é\?err 59& E'E}Fe Je*'t r plérﬁ,tlf%l gt}ﬁﬁﬁg %A chiiRed, the

third tube e Sécort ube e fi e fourth tube 4. In
this way, aththe bﬂmspemththere@fm themccbmb%-sshamdteﬂww é:ﬁp‘éﬂte metinegdnconnedter
distribute and, T4. thn addi.ti

the. thi rd elideseind FHEPL PR Dyans ol BB AR MIE L0 SREhvbll ™ 1,
radi ant segiojfion W iphRllEh®ith aBanst the IR st2S-skidped fetbant W2t atldecohnadts to tHa -
20 front end, i.c., 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 to
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 arrangement 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

is 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<T5<T6 and the spati al
configuration of tubes, the arrangenent can achieve the sane effects as the
first enbodi ment, and al so have a conpact structure. In addition, since the

si xth tube_6 havi ng .the highest te ratur.e is 5.1l ocated adiacent. to the
Frer L udiekt ol iyt SRR P Afping80he Prfsafattiol
di stri but ivall BeSdest@budl FeA el ks UPROMSSEASS, il ]S folldwing chfy tledeattifes o8i xth to

‘the eighth enbodi nents of six-pass radiant coil acc0{ d%{]g tilo t he present

i nvent i on ceEwEBN!Y QefupctigedifferenkframciBascaavingebesn disglosed fmibe foregpigi n
erbod! MentanYe sl fiRal Whtil (RIBAR FRAhIGOCRRRR AP domBoldi®s o hhalRIGAR Of the
second to the fourth enbodinments fromthe tirst enbodi nent respectively,

whi ch 6an teemidedli | y under st ood 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
t hi s enbodiigeintshotvhéhe ebersd @hbodmemngeatk-pasatddidnk yoil accarding tethe pfeserie fir st
tube 1, the sixth Lube 6, the second tube_ 2, the third {.ube ., the fifth
tube 5 and"Y$EoRoliRg Feqopdesmbodimengiin giengigilyidhe Fshnat e BT ERROFiMsh

enbodi menteycLhemgPakl Atst RAK 11 8NS5 cBhvenlibna G&ANGaddhS tgbeARiht ARohdtaktd t ube 3
are exchanged with each other. Consequently, 20 the sixth tube 6 having the
hi ghesto t etar, insteail of h beancher! ¢et widk vanigdedigmefersubes 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 bow 42 dfigt He shemst the dlnind embodiRenhalsiz-pdsvmadmnideqpl ajceclingmte thoprdsantpar al | el

wi th those of other. S-shaped el bows. 25 FiLgs. 19 t.o 21 show the tenth to
the twel f tAVEHOGdinFhIs el “E?‘ﬁz‘g%&@"}ﬁa@ff g%?(’fc%f“il“i*&?% ﬁ}edf’ﬂg“’? &S&feﬁ’el‘eﬁr esent
invention {hesERCtubY 8l ahd thBeidh ey €nis estrafitidat U-gapid ebotvhigsteakebf the

enbodi ments fromthe ninth_enbaqodi ment correspond to the di.ff@é nces, of the

second¥ o taebingslanne@BdRBRIE Fig difh Inbistways theeioparpiorent s alse padfsdvel v,

whi ch can ; ¥ 12650 AN Thikdrteng b it Beuchily Thgsial or e,

t he detai|%§h§§?%§?§k#§ﬁg t é?é?%ﬂégﬁughittpdahgre. ﬁig.uzz s%o@gfthe

t hi r t eent hthemritted inrthetfireff ersbodipents amdchnalpe casidy magu eiugichy 10w coble Whids ent
invention. In, this. di nent.. t.he tubes.are arranged spatially in an order
of - 14- ?f’r?gleﬁi“rsé‘{tgl?qgg"éfSff“etSR%"l%e"é%%H‘eg[fb’%‘étgez, the third tube 3, the sixth
tube 6, the fourth tube 4 and the fifth tube 5. In this design, the
connector 21 for. conne dfirst tube I and the secon ube 2 is a

ti t he
conventq onkig &} BRaws &@H‘ﬂlg?r%'@‘&“ﬁ@i‘t ofisPrpa5e Frstiant Gpil eeondine &p thepsesely -~ o

| ocat ed Wi fRigidaDahe SbhfiRlentHoaRSen® i9fchdiflly 8 @il SCHel @id chivdahérangenent
of 5the third to the sixth tubes is simlar wth those shown in Fig. 8.

The st ruct enceplothat fee finstrimbert is ardooweniiensl eembigachedpiubesiitted ¢amsignt
relatively r I : pogent of six-pass radi ant
glﬁ%%%tr’gﬁ%l%? ofa bra.- %e& %eﬁﬁmﬁleﬁ 1dIE

coil accor present invention as shown in Fig. 23 differs from
the thirteenth enbodi nent as shown in Fig. 22 only 10 in that the first

tube 12.% S ?’igﬁ?g-s%\%sn ﬁlréeﬁjftlg: %&%8&%{6%{‘ 81' sigcyp%ses, %’gd%arr}t Soi g@c%} 1rr1]é tod.h%nﬁés%gﬁ
invention, which is basically the same as the first embodiment. However, aithough 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

-13 -



The fifteenth enbodi nent of six-pass radiant coil according to the present
I nvention as shown in Fig. 24-differs fromthe thirteenth enbodi nent as
shown in Fig. 22 only in that the arrangenent of the third to the sixth
tubes are simlar with that shovvn in 15Fig. 9. The sixteenth enbodi nent of

Si X- pass r.adi.ant 0|I ac the n n nen Fig.
25 di fferstﬁ?lﬁﬁ%tuﬁ Eflrtet a ﬁ{% zﬁe I&uao&\%n\{:%nétp% (,%5%3 %t I'n that
the first relabienship sf @l mﬁmetred’rsomamhe rspzhuat uhxﬁig/urﬁttnna)fctohmt thot

dianeter. 20 Fig. 26 shgws t he sevept eent i rept  of s(a alsB ss radi ant

odi
coi | accorfﬁﬁaﬁgem@“t%é Ashis¥e the s ptsdhas § trﬁ‘i %‘ng(?%t&’@ﬂtﬁrr@ﬂ V¢ @bes are
arranged S(f?ﬁﬁiia@ﬂ dtdichie. EIH afdigien, s‘?ﬁcettﬁ@s&ﬂhrt%e & Hapﬁngltheth ebthtbmPerhtwb®is3, the
second tube 2, the sixth tube 6, the fourth tube 2 and the fifth tube 5. In
this desi gacatedadiacedrioetheofisst 2ubod hmdngihg devest demperatiees) dhein@Bpart of
the radi a or. In view of structural
reason, tﬁém@@%@dgé’ﬂgﬁ'ﬁﬁng dssﬁgrgﬁl:a[hj]% Sﬁﬁﬂ?%gaconnector 23 for connecting the
third tube_3 and the fourth tube 4 has a downward projection not in

par al | el .th at _gf ot her haped el .bows. As thos rrentlondab ve, the
arrangene lg%ts Jﬁ P S%thtctﬁ’l @\?eel%m@a?mbad%‘ﬁ’és Sftslé(cltags &t zI“rt.rivﬁé’h ng the
surface teetmsfdﬁtglfoeuefprtasbhesn@ﬁﬂoﬂ@sgeaiv@gj trne cﬁ@érblt@tsldmh@tsmtma) tt&dl ant
coil and the operation c¥c e of the ethylene cracking. furnace.

ei ght ekht heightbsmbedimerss Tromy theafifih pmpdimententresprndoiodhe gliffssencre Oﬁtltﬁsent

i nvention I f r t
vent on S8R Kol Sy aindhL R0 e AR SRGAEANEGRO L ThRd SR 25
convent i onbﬂ readbe uvuietrlstoad bynateaskilled ibSthe artdiTherefore,. thd letadipd dessaiptions

enbodi rrentthg%‘etc;séré Pass: f & rad| ant coil according to the present invention

15  Fig. 18 shows the ninth 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 sixth tube 6, the second tube 2, the third tube 3, the fifth tube 5 and the
fourth tube 4. In other words, compared to the fifth embodiment, the spatial positions
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

-14-



as shown in Fig. 28 differs fromthe 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 tube 6, is a U shaped el bow |l ocated in
the central plane P. The twentieth enbodi nent of six-pass radiant coil

di t i .sh in Fig. dj.ff th
o net cent hB SR hr TR s £ taf BDgB03: Ge ot whE golre fivth PSR ¢ be 1
I s a non- bgangbEgthaeky 8 IThitkis dksifn ke ¥drhBetar ZTI0RS taiiectitgoyive fiest tubfei Igand30 shows

the twenty-first enpodinment of six-pass radiant coi| according to the
present i ntPEFEsAd. tubg,2 e §°fé‘f?BB‘éﬁ%ﬁ10,‘M Wé‘t"g‘: toecthpewith ngter f\iﬁ%&g@eatﬁﬁﬁ the

second tubg) 2 a{8,¥%x % e @&ﬁﬁ?glr&g?%tf‘ﬁ%t%di‘éﬁtr de€tbd TREBESEEmeAhSS t UDES

are arranged spatially in 15an order Irst tube 1, the second tube
2, the % hithe thudeo the stk thbestinsimilse vath thoss showntim Fige The amertarn@t dhect h t ube

6. As showp.in Eig., 3 1,n. the. i t of the first to
the third %eélﬁ}%ngqcﬁmﬁgrcapggflﬁgt%&%ﬁ{ga%?rél%%e%%%gg[%ﬁg&arrangerrent of the
third to the sixth tubes is 20 simlar to that in Fig. 2. Al S shaped

el bows have downward projections, in parallel. with,.L each other,.and.all

0 shaped. o TBORETEPES TP TER AN o5y BGEL FOHECPIRERdnT BESGH EFoBiEh ot her.
Fig. 31 shawshdwieint MEM Y dFRECHEMAND aiedit eibodméniPASsholvadh &, 2¢ Unly
according to the 25 present invention. It differs fromthe twenty-first

embodi A@nt irofatthe firgt fighe & ise neprbuprshad senventionab tubp iwith & eonstael dametar t ubes i s
simlar to that in Fig. 3. Fig. 32 shows a structure of four-pass radi ant
coil according to the present invention, in which all tubes are arranged
subst ant i allhy fifleemhrearbodimas of Isowpass madiang.codl .actdediag to wioe BBt snvehtiewi | s are

conbi ned t oget her .0r oj a structur.e of type,.2-2-2-2. |In distyi each
connect or F‘gg‘%ﬁﬁ’e%lgi %H&ffﬁ%ﬁ"%ﬁ? #B%F%%F%E%SIPGB? astﬁilgwpéﬁi%dé%ltztzlsogl ionis
still a compiraethecHHNBEhONt TANS tisitd ROthefsixth aivepert embiowvith dhdbshbrvapés

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 parallel 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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el bows. However, as shown in the right half of the drawing (the left view),
these - 16- conbi ned connectors 21, 23 forma closed, snmoboth curve in the
side view This configuration enables the connectors can absorb the thermal
stress generated in the radiant section nore effectively. 5 Mreover, as
shown in the left view, two connectors |ocated at the upper part of the

radi ant seBEPBRNwhi ch are common el bows are no | onger in the central plane
P of the radiant section. Instead, the connectors are |located in two planes
that are mnor-symetrical to each other about the central plane P and form
an angul ar Thenenetognth embediornt obsiy-passiadiantewiliagearding do theresgtlaayeyi®dus i n

the m%han s%o HaUekUsE ek rfm[;,gfa% Me@ﬁ&tﬁ gngaaﬁneapaé . J;t&?lﬁ{%u%ure

shown in i mlar except t at eaclh’ sub-tube
of the i r@ﬂy iruthet the IcSnImfctoYZS Ifatpc&mnbatmgallneeldstttwbeubmme b fifihl tuble Sremder s. Al |

tubes are gstructu t|a S S 2,and has a conbi nati on
of two set eé’f"}i[’s‘%gg H‘?Q(Tb(%b@fﬁg&nvm%f: bglﬁneéFructure of type
4-2-2-2. Fig. 34 shoms a structure of six-pass radlant coil, in which each

tube has a structure substantially as that of FI% It has a conbi nation
of two set Shotwantiphsemiasimenplaixspisysediand cofl ageny na1<21h£ pesnbinveRlihyer | t he

downwar d pésoéhg»g}n ﬁ'}‘ Véf29%1 r ugﬁﬂ? ‘éﬂébrﬁﬁeté&ﬂ%)mg&ﬁ gﬁ'pds%%@ﬁ it Plgt be oﬁ@nt ral

pl ane R Fig Sl x- pass radi ant coll, whi ¢h each
tube has ainshatthe¢ firse tubedsis ambidirdnghedbscanventionhl Bbegwith 2, constarﬁalgnmt@onbl nation
of two sets of tubes, formng a structure of type 2-2-2-2-2-2. 25
Fig. 30 shows the twenty-first embodiment of six-pass radiant coil according to the
present invention. In this embodiment, both of the first tube 1 and the second tube 2
are Y-shaped branched tube with varied diameters. The tubes are arranged spatially in
15  an order of the first tube 1, the second tube 2, the third 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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It should be noted that although in all enbodi nents nmenti oned above the
first tube 1 is located at one of the outer sides of the nmulti-pass radi ant
coil for each case, the first tube 1 can also be placed in the m ddl e of

the nulti-pass radiant coiI as the last tube 4 or 6. 30 Intheforegoing
the present invention. is bed with the Ies f Qur - .Si X- pass
i ant - coprbmegangos 1538 folfn 1esthamratt Gurienth eritt Vg e

di scl osed cbﬁﬁﬁ,lrﬁtﬁﬂl &?abpésaﬁe @@Meb@ﬂis £ aiRb@Nihe ARG hal b@&s NRAEatedNdl tRyeN the
radiant coil wth nore passes. One skilled of the art can easily conceive

t hese var iradieny sedtiomrmeregffeetiyelhe present disclosure. It woul d be obvious
that in an enbodi ment not shown, all tubes can be a conbination of two sets
of tubes, i.e., formng a structure of type 2-2-2-2. In sone other 5

enbodi sentMoneotersisoskiownainghe left view, ofo cqqnectdps%@ﬁ@i grthe upparipartatfitbey of nore
sets of tubes ca Mor eqv

i nventi on algégé‘{}qnb\gﬁ‘d&af%cqxgpgp é’ﬁ’&‘.’;" StaESe %0 E an LB?A rﬁﬁ{l pg?&?%l ggth% \r/]vg sets

of radi antradignt! SediohaN@iSdad, Nt Goakdctdrg &Wr RrERd il e Plndndtesteed t hat
nore sets of radiant coil can bhe arranged in one singl crack| ng fur nace,

dependent retEroraEnEetrisal 9 eaeh othwembeut thercepiel plgse R Aod forr @ntEHabne set
of radi antthéi‘@%\th kéﬁ@étfvggg?ﬁlstcﬁnﬁ at%rﬂ? kHhed Bﬁkaiﬁefhe ReYanf@NstRRuAL r anged

i n sequence ternativ e 3ets of radiant coils can be arranged in
form ap nﬁmhmﬂgﬂlgthttmdﬁdmgmbase the last tube should be placed at one side
of the coil, and the coils should be 15 arranged in a mrror-symetric way.
Al t hough the invention is described in details with reference to sone
enbodi mentEhe stitnctord sholen iaigr ¥nis sirnildritosieat Sk Fig. 84, éxvetititbatamth sitatube

nodi fi cati agn nd var i may, be to .gone, .

f eat ures/ &fﬁ%%%éﬁt\tt‘ébes Fsu%fog E@’eéfbr"t“ﬁga Cg?"é’g é’Hﬁl Yairgrlirmeicts Aldypesase
departing dmemdd@bsRitdlly LshsHAREFRS 2 1A hhdw esthbiaRion dF thalstis@fkdes the
features disclosed in oné enbodi ment can be conbined with those di scl osed

in ot Hér eopdineddngahernfogniica wuptuiaglsypht-éss24 he conbi nati ons nay cause
conflicts. It is intended that the present invention covers all the

nodi fi cations and vari ations thereof provided they cone wthin the scope of
t he appendeid ¥4 stiows astchctureiof sigprsy adddant soil, 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
It 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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Cl ai nms 1. An ethylene cracking furnace having nulti-pass radiant coil,

conprising at | east one radi ant section, which includes bottom burner
and/ or sidewall burner, and at 5l east one multi-pass radiant coil arranged
al ong the | ongi tudinal direction of the radiant secti on, wherein the
mul ti-pass rad %ﬁi coil is one selecting froma group consisting of four-
to ten-padt® SF% 59 |'s; and at | east one tube of the multi-pass
radiant coil is arranged to be spatially adj acent 10 to a tube which is not
consecutive to said at | east one tube he et hyl ene cracki ng

furnace adtweuldiy abyiays shanin an ambediment hed Sh%}ﬁlﬁs aﬂlv%bftSLFB%§e @fcoml?élaﬁﬂpt i - pass
radiant cojel af & réfaﬂg;%g to tfﬁm?xﬂg dA %krh?tu&opf ﬂ%ea‘?%é 2t Queamie Qlper - 153.
ing to clai

The et hyl ene cracki ng turnacé acco 1 or 2, wherein't e first
t ube and tdmebodaséntt ndteshawe, astrantge of a;tpetméaeqmoescarebloa,tt(mrofsmdesse‘r@foft he

mul ti - pas ad| a oil,respectively. 4. The et hyl ene cracking
furnace ad 3 fig Hli'f’chl m1l or 2, wherein at | east one 20of the first tube
and the Iast tube is not arranged at the outer side of the multi-pass

radi ant coil . 5. The ethyl ene cracking fur na e acﬁorfgl ng to cl a| m1l or
2, wherei M@ﬁ‘@ﬁert dfouEh 1) Biedpiaoms tb%Wé@tmnrlaFie%r WP teigEPIER i) Pt

secti on. radgm@ coil M RIN¥LENE SHBAK 'cﬁigsoﬁh'ér{é%ﬁ Gnaf CRIRIBIkcE) Al 1 1 (7)r 2,

wherein the tubes are connected to eac ther with connectors.
The etiy| amderstadkibagnfons nels eofarediondiceil cen bel afanredl ineee singlacrackigt one

~furnace, dependent on the actual requirements. For the case that more than one set of
radiant coil is arrange.d in one cracking furnace, they can be arranged in sequence.
Alternatively, the sets of radiant coils can be arranged in form of manifolds. In this
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.

-18 -



30 connector in the |Iower part of the radiant section is a conbined
connector consisting of a U shaped el bow and two S-shaped el bows | ocated at
t he opposite sides of the U shaped el bow respectively. 8. The

et hyl ene cracking furnace according to claim?7, wherein equal quantity of
S- shaped ows are arranged at the opposite sides with respect to the
central pl E%f the radi ant secti on. 9. The ethyl ene cracking
furnace according to claim@8, wherein the downward 5projections of all

S- shaped el bows are riaral | el. to each_ other. _. 13, The, et hyl ene cracki ng
furnace accor &i A dyleneapracking iwwaes haypg pRdlPasnedant folh SOTIIEEE Has a

downwar d pegk 8 ira%ﬁhn@%cti@ﬂr\%i'cﬁ lindi@iel 'Eﬁgtlﬁ’nﬁ%n% B&d/o i gEAIES BB at 10

11. The ethyl ene cracking furnace accor g torrcl aim8, wherein the two
S-shapéd dedstvenecontiep:ss mgdinmo ceih dsrangedt hlengH-bh dgredudinpodireripe efothewar d
projections parall.el to each other. isl12. The ethyl ene cracking furnace
accor di ngr%?gl%@ﬁﬁ#rlﬁn?, wherein all U shaped el bows in the conbi ned

connect or s hawhedinheandliipsaj estiamrsilfanat kekbcting faah gobpronsisting of 13. The
et hyl ene cracking furnace according to claim7, wherein the connectors not
in form of OBLABIFE S%Eﬂ%i?é‘é?‘b‘f?ﬁ‘? all placed in the central plane of the

radi ant 20sechi |@ikt one tube b thelgltiehA3Y bRt eéi@glﬁrﬁggéwor&%g@&wdfﬂceﬂt to
claiml or 2, wherein the first tube is a branched tube with varied

di anet # s, togrtubwhichfis Refeonsacytivetngaidias leaslcmgdueubes are branched tubes
with varied diameters. 25 15. The et hyl ene cracki ng furnace according
to claim6, wherein the connectors in the lower part of the radiant section
form a cl osed?. Thibathgané ahtking fivodde accordmgye eladd 1f whereintthe Eisdvovtubes. 3016.

The et hyl ene, cracki ng furnace accordi to clajm1, erein conprising two
o ror e setang iR rdtedted S fitinerd b destidhmarta eth o Bd B part "o
the radi ant section are located within symetric planes angularly crossing
the central plane of the radian section and in mrrar relati or}shi p
t her ebtt ween. 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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S-shaped elbows are arranged at the opposite sides with respect to the central plane of
the radiant section.

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

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.

11. The ethylene cracking furnace according to claim 8, wherein the two
S-shaped elbows comnecting two ends of the U-shaped elbow have downward

projections parallel to each other.

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

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.

15. The ecthylene 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.

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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