ETHYLENE CRACKI NG FURNACE 5 Field of the Invention The present

di sclosure relates to the petrochem cal engineering field, and nore
specifically, to a radiant coil structure of an ethyl ene cracking furnace
used in 10 petrochem cal engineering. Background of the Invention The

et hyl ene cracking techni ques used in petrochem cal ethylene equi pnents 15
mai nly include those devel oped by LUWUS Co. (USA), Stone & Webster Co.
(USA), Kellog & Braun Root Co. (USA), Linde Co. (Germany), Technip KTI Co.
(Net herl ands).,, and the CBL cracking furnace devel oped by China

Petrochem cal Corporation. 20Fig. 1A shows a typical ethylene cracking
furnace 10, which conpr FEBYADNEICRACKERGIFURNACE convective section 13,
and a _flue section 12 | ocated between the radi ant section 11 and the
convective section 13. Wthin the radiant section 11, a radiant coil 14 is
provi ded pifldtdiehCHAehABdn P! @ane P of the radiant section 11 along the

| ongi tudi'nal directiron thereof. In addition, the radiant section 11 is
further provided with bottom 25 burners 15 and/or side burners 16 for

heating. Morgqv | ' , ri ses —g—————1
transfer Ii ng% g%eélrrt\gg?l%&l% rgﬂﬁfg@%&é;%ﬁ;éeﬁ‘@? lg%r%}lgereﬁ# T’gﬁ{’ gﬁ(grﬂg(?{ei nduced '
draft farspd@ficadllyc to Rorasliagmi doilc stnickyre r efdac ethtyhenef eadshg dirmaon sisetihon,

mai nt ai n atrg%t able run length, 30 and have a good feedstock flexibility,

nowaddys P& HCAl EngINGRNEe  ect i vity radiant coil with or without branches

of variable dianeters is used. The first-pass tube of the radiant coil is
of a small dianeter. Therefore, a quick tenperature rise can be achieved
si nce t he2&psii $0¢ Inyentign 3 of a smal | -diameter tube is relatively

| arge. The sondps be is of a large dianeter, in order to reduce the
influences on coking sensitivity. The two-pass radiant coil can be
confi gured abhelethylepperackingyteehniqus lusey pe, petroghetnipa, etibylénd ypeproonts, et c.

15 mainly include those developed by LUMMUS Co. (USA), Stone & Webster Co.
(USA), Kellog & Braun Root Co. (USA), Linde Co. (Germany), Technip KTT Co.
(Netherlands), and the CBL cracking furnace developed by China Petrochemical

. Corporation.

20 Fig. 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 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 provided with bottom

25 bumers 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.

To significantly reduce the feedstock consumption, maintain a suitable run length,
30 and have a good feedstock flexibility, nowadays a two-pass high-selectivity radiant
coil with or without branches of variable diameters is used. The first-pass tube of the
radiant coil is of a small diameter. Therefore, a quick temperature rise can be achieved
since the specific surface area of a small-diameter tube is relatively large. The

second-pass tube is of a large diameter, in order to reduce the influences on coking




A two-pass 1-1 type coil structure, which can be matched to transfer |ine
5exchanger(s), is of a large specific surface area and good nechani cal
performance. The run length thereof, however, is slightly short. For an
N-1 (N>l) type coil structure, the nunber of tubes in the first pass is N
tines as sBmieifSThdQvddpdth eddiff cbit8al BO&MAreiNg 1%9@@%9@;21%@ ore, " the
N tubes in 10 the first pass need to be conbined into one tube ‘before being
connect ed-t &8 Tbiye$eBRIFNg second- pass tube. EP 1146105 di scl oses a
cracking furnace having a two-pass 2-1 type coil structure. As indicated in
'Fig. 1B, a two-pass radiant coil conprises first-pass tubes 51 (16 tubes)
and second- passvotpased - b2y coil bemiptuper whichi canl be Inyatelredatog erdnsfer Hnei nner
chanb%\r of .a raEIi antqisega%i on. ,%II t hese tubes are 1 I.oaate in one comon
pl ane” WirFRRRFYnE 97 Byae,sregific fitace freg 4nd good %%a{nﬁ rPEIARanGS. ¢ he
second- pﬂﬁh&rﬁzuléﬁgthﬁﬂeradﬂH@k&@&rjtigg@hﬂgrshoﬂmg ein every two first-pass tubes
51 are conbined into one tube by a Y-shaped manifold 53 at a | ower portion
of the first-pass tubes 51 before being connected to a second-pass tube 52
via two S-s _|t@}qu : 06669
di scl oses ar%)?gglgi@rllg fu??@g?ﬂa%u%ﬁgqgﬁgwgg%gwé%stléodée (f:%sltl(l;%sst]lrg%t ure,
whi ch i ndimesas n®r¢ py the npmber afithe sibeainttho sesond passd Therslore, tixeN t@esiihar | y,
t hese 6 fi -p t r i combin i ntep_one.tube via rigid
s 181 3 TEOBES kB T3 B FomblEh O RRT 3¢ Uh® il ErriBiietiia to the
second- pasgedpohding 28cont-faketubbOER 1346105t disetsses 3 araekifid €urpaveieningf at he
first-pass tubes.is a pl uralit$/ gf .ti.mes higher . than the nunper of the
second- pﬁ%’g'pﬁﬁbz's},tyﬁﬁéﬂﬂtﬁ@c%‘l § GEARA IR {8 hbhh §VOPRY QdRBhAPass tubes
first expamprist@WAvdplss aikdst FEN1EhRILEHT 8hd PRESHAMRESBEE 59T AP dRkLdyY the
second- pass tubes to nove downward al so, wherein the first-pass 30 tubes
are easi IPprsediculpdy ananged He gn dgner gbarabored aapdiant sgetidne Adhthesedpbissare The
rioi dist Y 190atddNf JHRRLEMGh AR SHHES bR AREpdsOWRes B drlaQBePloghiEr, Lhf ST - PasS
t ubes prevents expansion

all the second-pass tubes 52 arranged together, wherein every two first-pass tubes 51

are combined into one tube by a Y-shaped manifold 53 at a lower portion of the
first-pass tubes 51 before being connected to a second-pass tube 52 via two S-shaped
elbows 54 and a U-shaped elbow 55.

20
CN 1067669 discloses a cracking furnace having a two-pass 6-1 t)fpe coil
structure, which includes 6 first-pass tubes, and one second-pass tube. Similarly, these
6 first-pass tubes are first combined into one tube via a rigid manifold arranged in a
lower portion thereof, and then are connected to the second-pass tube.
25

In the above structures, since the number of the first-pass tubes is a plurality of
times higher than the number of the second-pass tubes, when the coil is heated to
expand, the second-pass tubes first expand downward, and then the first-pass tubes
are dragged by the second-pass tubes to move downward also, wherein the first-pass

30  tubes are easily bent because they are deformed under different forces. The rigidity of
the manifold connected in the lower portion of the first-pass tubes prevents expansion
differences thereof from being absorbed by an S-shaped tube (if any), rendering the
coil easily being bent. Hence, the mechanical performance of the coil is reduced,

thereby shortening the service life of the coil and the run length of the cracking




di fferences thereof from being absorbed by an S-shaped tube (if any),
rendering the coil easily being bent. Hence, the nechanical perfornmance of
the coil is reduced, thereby shortening the service |ife of the coil and
the run length of the cracking furnace. Sunmary of the Invention 5To

over cone fifaged echni cal defects existing in the prior art, the present

di scl osure discloses a new ethyl ene cracking furnace having a two-pass or

mul ti-pass radiant coil, wherein a special arrangenent structure of the
radi ant QQimlm fhepranpoRdi ng of the coil, thereby inproving the ,
nechanicar‘pﬁggg%ﬁHﬁCE—UESrhe coil, extending service life thereof, and
prol onging the run |l ength of the cracking furnace. 10 According to the

present disclosure, it provjdes an ethylene cracking furnace, conprising at
| east Sone r alfl avsrcosescthe daehnigal dafedts exptong inder piiemara thsarressnt diselpsureand/ or a
si de burngy, ' (ofe) 1 -

| ongi t udi ngfos?i&??g%% Fﬂg l%g‘% C%E@ngzl’glngénetﬁaggl I or?, B%g%@ﬁpﬁﬁgrr zlliag}?gﬂﬁ’ coil is
an at | eagterdine-spesa armhgenidt savitmg airthdralissit coit car eedudé peretirer afhy bei ng a

natural n . from2 to 8. and wherei.n a manifold.is, arranged at.an inlet
cnd o a SiieebL i Pue B el bt oL R Rthg H s e e et end
of each upstdsfeam probegiaf tikaiud l@igth et ctaoRmpassachi | is connected to the
mani f ol d t hrough a curved cornector. 20ln the text of the present

di scl'8sure, the term"coil having an N1 structure” means that in two

adj acent pasgQerdhe td'BRSpreb@h BRFPRUAOM SN RRMNhUARYIERCESIBRE tiinace,

correspondi ng upstreamtubes. It is easily understood, in a two-pass coil
havi ng aompIsiag ayleasioas ragdian aection.dwhich ispravidad withadotoimiputerendorand one

out put end,; i e . i the ifold.is in the
f or m of gnmldés\\q/)éﬁe&e’jd%& ggle%gtgﬂg%gé %f g%d“ﬁ’g%?’ﬂgg‘ﬁﬁ%‘%%uﬁlm rrggl Olé%lh%gﬁai out put
end, N eglirattiongof2the rradiant\Abetion\ velgreh shel radéane eyil tisvan up Bastermm-pagbesilare fir st
conbi_ned,t oget he i a gne Y:shape i pe el enent before bein onnected to a
curved conge ey - hsBufiend’ EctaBbhbRTe b BHERL AR A Robd S8 1 n t he
form of avheadiialthiefold Rearkha¥ed st #h Ridtleallidh QfwilshBath t&RASt @nRataRgscout put
end. In a coil having nore than two passes, N1 indicates N

two-pass coil, and an outlet end of each upstream tube of said at least two-pass coil is

connected to the manifold through a curved connector.

20 In the text of the present disclosure, the term “coil having an N-1 structure”
means that in two adjacent passes of tubés, for each downstream tube there are N
corresponding upstream tubes. It is easily understood, in a two-pass coil having an
N-1 structure, a manifold therein can have N input ends and one output end.
According to one preferred erﬂbodiment, the manifold is in the form of an invertedly

25  Y-shaped pipe having N input ends and one output end, N equaling 2 or 4. When N
equals 4, every two upstream tubes are first combined together via one Y-shaped pipe
element before being connected to a curved connector. According to another
embodiment, the manifold is in the form of a palm-like pipe having a plurality of
input ends and one output end. In a coil having more than two passes, N-1 indicates N

30 input ends and one output end, with all connection manners of a two-pass coil having

an N-1 structure capable of being applied therein.

In one preferred embodiment, the radiant coil is a two-pass coil, wherein the

upstream tube is a first-pass tube, while the downstream tube is a second-pass tube. In




30 input ends and one output end, with all connection manners of a two-pass
coil having an N-1 structure capable of being applied therein. In one
preferred enbodi nent, the radiant coil is a two-pass coil, wherein the
upstreamtube is a first-pass tube, while the dowmstreamtube is a

second- pagsthet@fbodiMenta e riBAnt@ED §Hd ARM-pask B8 hathgMorEQbh tWe pasBYl ti - pass
coil having nore than two passes, wherein the upstreamtubes are odd- nunber

ones sucHviesein the ypstreaga Sibes atseoddzupticr angsgaeh asbiirst-pess tubonpihind-pase
downst r egpd %%Wk%@&@ﬂﬁgm%% ﬁ@@éenmegeﬁab%l g@&ﬁ%gﬁg&@ g a

fourt h-pass tube, etc. According to one me rream t ubes
are divi dekk, adowth-pass tpbeugts. each with the sanme nunber of tubes respectively
arranged at two sides of the downstreamtube, and all of the upstream tubes
and the downstream tube are arranged in a common plane. 10 According to

one enbodi meAtcordifg (€ Bhe ecibEIRTAE e upRiERmi 18B& &re Wiuhabiib abderuprad an
S-shaped el bow, of which one connects to a |ower portion of a correspondi ng

upst r eam @ aVithy the same Fumber QSnHBes: Eespertiyplyi Alranged i 3o €Mes wartheol d. It
shoul d bejRek@hnt ik, e{nlaeallcdiftH@st@l@QﬂQﬁﬁé%ran@fchetMFrgéﬁ'B}b.e%é&lr ge can

"connect” to 15 the tube or manifold either directly or indirectly via a
transiti dnagppaongignch can be sel ected as specifically required. In sone
pref grred enbodi ments, the tube diameter of the curved connector equals the
t ube 8i aneter of the upstreamtube, which, for exanple, is especially

sui t abl e wheficddrdingeb son2, embodivent, Nhé suhadgemnedtan c@mpristst haJ-ghapefol d is in
the form t o one enbodi nent,  vi ewed

f a | m i ke pipg. 20 Accordin ,
froma tdp°N &t A #Fﬁgal?e%dgg’ﬁf”? c?&‘f’l,uéﬁ/iqn‘ﬁ ?Oé"glﬁgﬁttot% loWer BeAR:fedm t ube,
cor r espon@irdgpoidink apsebas] ROWSana e dthedhabdiSlo atiihlee &RCT 1BE R@hiforand/ or

corr espondi na U- shaped el bows are arran%ed in one and the sane |ine.
Pr ef er abISpouldbe notrd 1Batsthe sty ed IcBmRston b theaprasané Hisglostre sAg “somaerid to

Al t erjrat I : S s e IBVA i : ity of
Gt oupie. e rgiteteeitc IRRey it RANSARS Ball Wikl B Prifh KhP bl
anot her . salecied ds supcifisalbnegeirbd di seme praféreedsustodéaents, ubembadandtericfed i nt o

Lo 9 0URfe SBA LchRed 1 SRNP ol IBE" aiffhelel P Inl TRREGH YSb WALLENREY At two
example, is especially suitable when N equals 2, or when N is larger than 2 and the
manifold is in the form of a palm-like pipe.
20
According to one embodiment, viewed from a top view of the radiant coil, with
respect to the downstream tube, corresponding S-shaped elbows are in parallel with
cach other, and/or corresponding U-shaped elbows are arranged in one and the same
line. Preferably, all the S-shaped elbows are parallel with one another. Alternately, all
25  the S-shaped elbows are divided into a plurality of groups, with allVS-shaped elbows

in each group in parallel with one another.

According to one embodiment, the upstream tubes are divided into two groups

each with the same number of tubes respectively arrahged at two sides of the

30  downstream tube. In this embodiment, however, the plane in which the upstream
tubes arranged at one side of the downstream tube are located and the plane in which

the upstream tubes arranged at the other side of the downstream tube are no longer
arranged in a common plane with the downstream tube. Instead, with respect to the

plane in which the downstream tube is located, the plane in which the upstream tubes




30 downstream tube. In this enbodi nent, however, the plane in which the
upstream tubes arranged at one side of the downstreamtube are | ocated and
the plane in which the upstreamtubes arranged at the other side of the
downstream tube are no |onger arranged in a comon plane with the

downst r eaffahgtaest oh8 §iie 3d theMdwhsir@fiR ee 4:@ 1dchRdRY ANGirtd? r¥BiGRhpheitHOWNSt ream
tube is |ocated, the plane in which the upstreamtubes arranged at one
side of thferlasswiswhichrthe ypereametupet arrangef ¢t the other vde phthgtdogmsineasnwi t h t he
pl ane in i u d j e

Gonnst rodmt Cpe A" FE BAL Ah R oG, P upk RGP LR ofi®a Bl obE2:  cam

t ubes ar sakgedhatdovmetreand éubsf thehepsticamsubenanringod at e othps side axh thabes
arranged at the ofher side of the 5 downstreamtube, and .the do tream
fube 3r o Puhn? HE) it 8 Rl (e S EREE A PRRNGIY Ft A SR

Accor di ngvithorchotheesent di scl osure, the upstream tubes can be all arranged
at one and the sane side of the downstreamtube wth all the upstreamtubes
and the 10 downstream tube positioned in a comon plane. According to one

enbodi ment, AQSrdin ¥E theCHRNSE IRk B st Eﬁéou&%aﬁﬁfiﬂﬁesudaﬁtbrﬁeaﬁﬂﬁét}%@& Are

respectively located at two sides of the plane i n which the bes are
| ocat ed. ong apshahepavediside of the Hewngiwameiabe twithesl] the wstredmavebes andrthen pl ane

ith fh ti i L Il el
bl andl (RRERRHEFARE URRondlh bk ERMER Xe i R R B BE cem ¢ ube
i s arrangeded lconasrtirhef tembataceantupsttdam tubst bearaspednesly doeatedk apesdi vel y

arranged in t pl.anes in.mrror. relationship with each other with respect
to the pIS’aﬁiﬁé OWWF%%IWWBICH'&%EW%W toﬁ?)tgﬁ'ih]lé’ PMscpRagiment, fhe UPSEHBar i ng

Wi th the tiiek Qo @tthavé RecopiiBee Pland ivit] BRWRvIRNrbAE Tulkh But a&h@sﬂe@ﬂi%@%‘ ng
20advant ageous technical effects: (1) Since the first-pass tube is

conbi ned aHpRgedt Wetvin pambclppleres; yHuckads th@araglewithohe indanct inewhish thand
S-shaged U= | t
shape dsg?%w%e i$ %aﬁgﬁ ROWRoRES eﬁr%s&lmbeﬁlﬂegﬁ [SfRafatped 24% Lype,

expansi on ferences anong~the first-pass tubes that exist in
4-1 type respsethvélyoartraged ingee mdénes o hrarrernelationshiip withicaet gtherewitic edpect

Consequent h¥.,1 B8 LA%RShe 10\ nstream tube is located.

Comparing with the prior art, the present disclosure brings about the following

20  advantageous technical effects:

(1) Since the first-pass tube is combined with the second-pass tube at the lower

portion thereof, and S-shaped elbows and U-shaped clbows are used, the stress caused

- by expansion differences among the first-pass tubes that exist in 2-1 type,A4-1 type,

25 and other types of coils can be effectively reduced. Consequently, bending of the

“radiant coil can be avoided, thereby extending the service life of the radiant coil.

(2) The S-shaped elbows and U-shaped elbows of the upstream tubes have

smaller tube diameters when the upstream tubes are combined at the lowef portion the

30 downstream tube than when the upstream tubes are combined at the lower portion of
the upstream tubes. Therefore, the upstream tubes have better flexibility, which
facilitates absorption of heat expansion differences in two adjacent passes of tubes,

thus avoiding bending of the tubes and finally extending service life of the radiant

coil.




radi ant coil can be avoi ded, thereby extending the service life of the

radi ant coil. (2) The S-shaped el bows and U shaped el bows of the
upstream t ubes have smaller tube dianeters when the upstreamtubes are
conbi ned at the | ower portion the 30 downstream tube than when the upstream
tubes are conbined at the | ower portion of the upstreamtubes. Therefore,
the upstream tubes have better flexibility, which facilitates absorption of
heat expansi(@hAdinidlenbndametar of wiee ftsf-pessiebemsytssinaf high bpssifict swnfacavoi di ng

bendi t ' t i ' | i.f.e of di ant
oenti "0 ok fgeb5aCAPE, (AGRHEKBENAINa RRLE R LB ilRe L8827
hi gh speaoif thecwhaile tcait evoatdebe tnosmewl whivdr fatititates axfengion e tiid fustleqpab ofcoi |l i s

ext ended,, the .specific surface area aof the whole cojl. woyl d be increased,
oh enae S b (s Risieed AOUG SBF cRE e Shphomdr e <f AR ST AR FMPRmes. ot

t he same rgf Rakthng depth, and inproves olefin yield at the same run |ength.
Brief Description of the Drawings 10Fig. | A shows a typical ethylene
cracki ng furnace according to the prior art; Fig.1B shows a typical

t wo- pass B’)ﬁ&ﬁexpg!?%ﬂ bft%ram%g‘qﬁé according to the prior art; Figs. 2A, 2B,
and 2Cr view, a top view, and a side view 15 of
one enbodi nent of a two-pass 2-1 type coil structure according to the ,
present disclosure, wherein first-pass tubes are divided i.nto two groups
wi t h Phe sanBgntinBomwsertypigileshylenecacking Binnce aeqoading (eethy peer a&ifiged at t wo
si des of a second-pass tube; Figs. 3A, 3B, and 3C respectively show a front
view, a top view, and a side view 20 of another enbodi nent of the two-pass
2-1 type coiligdBrshows e éymaca owaipagy 2-0 tieeoi sesante aiedinggotle, privhartei n al |
the first-pass tubes are arranged at one and the sanme side of the
second- pass tube; Figs. 4A, 4B, and 4C respectively show a front
view, a top FewA,aBdaml 3¢ despeitbely2dolv Hfientenbod @B Hcwhndakidewiass 4-1
type coil _structure acc%rdi ng to the present disclosuyfe;.

15 of one embodiment of a two-pass 2-1 type coil structure according to the present

disclosure, wherein first-pass tubes are divided into two groups with the same number

of tubes in each group respectively arranged at two sides of a second-pass tube;

Figs. 3A, 3B, and 3C respectively show a front view, a top view, and a side view
20  of another embodiment of the two-pass 2-1 type coil structure according to the present
disclosure, wherein all the first-pass tubes are arranged at one and the same side of the

second-pass tube;

Figs. 4A, 4B, and 4C respectively show a front view, a top view, and a side view
25  of one embodiment of a two-pass 4-1 type coil structure according to the present

disclosure;

Figs. 5A to 7C show front views, top views, and side views of three variations of

the two-pass 2-1 type coil structure according to the present disclosure, wherein the

30  first-pass tubes are divided into two groups with the same number of tubes in each
group respectively arranged at the two sides of the second-pass tube, or all the

first-pass tubes are arranged at one and the same side of the second-pass tube;

Figs. 8A to 10C show front views, top views, and side views of three variations




Figs. 5A to 7C show front views, top views, and side views of three
variations of the two-pass 2-1 type coil structure according to the present
di scl osure, wherein the 30 first-pass tubes are divided into two groups

wi th the sane nunber of tubes in each group respectively arranged at the

two si degf e thdgasesANPpPasiBstiutiBe a®lordhs td M prikRtdiRdnsrd WRSRiALIE arranged
at one and the sane side of the second-pass tube; Figs. 8A to 10C show

front vi diestirstipgss Whenare agmdgedt along pedvheshme Kidsof therseeandepass tube; ande t wo- pass
2-1 type coil structure according to the present disclosure, wherein al

the first-pass tubes are arranged at one and the sanme side of the

second- pass Righd]lAand1C respectvap shdht A framt 1@, mespertv, wad y selbowewaof r ont

-pass 4-1

view, _.a top vi.ew, and.a side vi f 5one variation of the two

Lype Goi PIE(YRIAHOR &1 a8 PYPRs™ BTt e prolk alfbctes avdulipe 10 the Wieephe
acconpanyisa@s@eaw ngs, the same conponent or structure is indicated by the
sane reference sign. 10 Detail ed Description of the Enbodi nents In the
foll owing the present disclosure will be discussed in details with

reference t anihea@erammARY ARHEANS Gine ddmithol o dEaRRl ehdibal bhe present

di sclosure ains to _ rovenents on radiant col € radi ant
secti on dle sahne refetppeesigncr acki ng furnace. Qther structures in the ethyl ene
cracﬁbng furnace, such as the convective section, the transfer |ine
exchanger and the like, are already known in the prior art. For exanple,

t he tranyeediledi Desceptinofitlic Bbbdimentf or t he present disclosure can be a
doubl e-coil transfer |line exchanger (such as a linear transfer |ine
exchanger, U-type 20 transfer |ine exchanger, and the first |evel of a
two-1evel tr f | i ne, excha ry etc. conventi.onal ..boiler, etc.

Vor eover , B i b pE AR s Bl it SRS Ry B Rt b i i y
sui t abl e té ¢ite t@npanying drgwirgsnBisksuldlbe notdd thhts@e prostallivldsore Amaeki ng gas
material. In contrast, the nmultiple-pass radiant cqil of the present

di sci'dsuPEdn PHREO YRGS, O e (call fip i ragart %@ﬂ@%ﬁ%%ﬁﬂaﬁ oGl so

sui tabl e flifhceC (RRY fehclur&iinf tHEBE®YIRE cracking furnace, such as the convective

section, the transfer line exchanger and the like, are already known in the prior art.

For example, the transfer line exchanger suitable for the present disclosure can be a
double-coil transfer line exchanger (such as a linear transfer line exchanger, U-type
20  transfer line exchanger, and the first level of a two-level transfer line exchanger, etc.),
conventional boiler; etc. Moreover, the two-pass radiant coil of the present disclosure
can be mainly suitable for cracking liquid material, but also suitable for cracking gas
material. In contrast, the multiple-pass radiant coil of the present disclosure can be
mainly suitable for cracking gas material, but also suitable for cracking liquid material.
25  In addition, both of the two-pass radiant coil and the multiple-pass radiant coil of the
present disclosure can be used in building new cracking furnaces or reconstructing
existing cracking furnaces. These are known to one ordinarily skilled in the art, and

thus their details thereof are omitted here.

30 Figs. 2A, 2B, and 2C illustrate a first embodiment according to the present
disclosure, which involves a two-pass 2-1 type coil structure. As shown in the Figures,
the two-pass 2-1 type coil according to the embodiment comprises two first-pass tubes
1 and one second-pass tube 2. The front view, i.e., Fig. 2A indicates that said two

first-pass tubes 1 are respectively arranged at two sides of the second-pass tube 2.




25 In addition, both of the two-pass radiant coil and the nultipl e-pass
radi ant coil of the present disclosure can be used in building new cracking
furnaces or reconstructing existing cracking furnaces. These are known to
one ordinarily skilled in the art, and thus their details thereof are

om t ted NabRovddiedfee fbes Ac I oBftel Il ShERbSFin'd Joﬁm&@% FEY
according to the present disclosure, I CRTRVOT ves B T Wwo- pass o~ 1 type
coi | strudguw®. As shown in the Figures, the two-pass 2-1 type coi
according to the enbodi nent conprises two first-pass tubes 1 and one
second- pass tube 2. The front view, i.e., Fig. 2A indicates that said two
first-pass tuybesdihgabehs geeRet diseloyure! haoged eall (1LY afiidps &fd)tdrethe
second- pass tube 2. Mreover, the three tubes have three center |ines
posi t iPonedeend-Rast BhsohisgrraKided wither mangold ) whigh dopesrgr combimepthes ent

di scl osurigq ﬁr_s{-ﬁay@rmgéadx (ahd%onnﬁ:h’ﬁglgﬁﬁé”saﬁ@% tgé sbfd-p SSS%Q[%ZEIH?Q\A% tube 2

is provided with a manifold 3, I or conbi ni ng

Is used
first - paswetitip embodiaent, dhe manifpldg3 ishim tharferm of shéneetediyd phasdtpipe 2. I n

t he speci.f]| : J, M nmanifold 3 is in the formof an invertedly

U- shaped 1&"%&%@?‘3@%%8‘?&%% d \/(\)ngeioﬁi’%&?enedh se{fﬁ%&lgﬁé&p&lﬁ?’ﬂfg{s CSWECPW& ein the
out put entte isva endeftiedsdeond-passl tobel. Thdtved fith@asembadt pasespatieelsr. The two
first-pass tu 1 are respectiyel 0 con ted.to the two I nput ends of

t he ﬁ&niﬁﬁpﬂmggéﬁét@%ngé@8%??%%0gdﬁ9éﬁmﬁgﬁﬁé%ﬁ8¥§W?é§8ﬁ°€8h§F§Fﬁng of an
S- shaped @hh&6rd @fh BoddistingPedae!emipdd MvANDaHd 3l U-gpEd sy ofy the two

first-pass tubes 1 (i.e., out&lrjt ends thereof). It can be easily
under st ocrangest atdawsy ands b dheobyq fisst-passttubas I fes2)ouinuh endsathereeldltcan be

desi gned 4.0 I t £en l [ B v E rmof a
par 1 n Eoe i rteloR, L5738 MRt B Saft SoRh R 2L et S BT 1
i nput endksighed lehamenNfiopa Sdgiaad anereammittandni.pi petheofosmtafsf paltmhdn

requi r.ement.s. of ,process and, mechani cal design. In one specific., odi nent ,
he tPandipTisf PSR RoRREIoR R B S er S B B2 srpam S S bt in FE e same
tube di arfetien tagsitibe pipe kv edis60Mhe eafudemerQ\OF plockRemd micehgasm desigd. Thhe

mani fold 3 as a_.rigj d_connﬁgi ng structure at the | ower end of fhe

second- pd¥§ speffic emboimenty thsrirangition pineobich&an b e stright pipe pr ymalbovubes 1,

stress casan dmelthie Exharsitne dhitereahess: bet ween the first-pass tubes 1
and the second-pass tube 2 under heating, and stress |nbal ances caused by

expansi on di fferences between the first-pass tubes 1 can be absorbed by the

S-shaped el I 4.anr e t e | r end of
The ERr ot - palbiningaeditnldit b ROARRIGE, PAlahidh  ARAETR kg BR 0 e
servi ce |lower and dfhbe sx@bhd-pass tiher 2 hatead 0E at the doweli and df the fit-pase ebis

di scl osur.e, ,the S-shaped el bow 5. and the U shaped. el bow are connected to
the | omerl’éﬁassocfauﬁaﬁgbﬁ&set@ﬂ%@ @’%’éﬁ‘?cis l&“‘ﬁﬁe%&é ﬁrﬁbpatsﬁé‘ﬁ%"éﬂear{duﬂb"@ di anet er

as the figshmRass thbdos uddert REABBY a8 S@REE alnbilafedsepdkED b;yh@xﬂaﬁﬁ‘ighh of the
first-pass_tubes 1. Such bheing the case, the specific surface area of the

tubes i s qiffereces bgtwagnites first-pas ahesal 6o be pbyorbsd b thengrshaped elhew &ngt h of
N . . | ; ;
e cfsac Qnaq%ef UL RaGe ﬁﬁ'&l% amﬁ%%ﬁgggg It oF R ﬁrsk—?gnkg thifs 1! FRAQY! Ng

product vyi el | e sanme r f the crac Urnace. = Besi des,
because tdebroanees rebraddhes extasling the service life of the coil.

Furthermore, according to the present disclosure, the S-shaped elbow 5 and the

U-shaped elbow 4 are connected to the lower end of the first-pass tubes 1 and have

30 the same tube diameter as the first-pass tubes 1, thereby essentially extending the
length of the first-pass tubes 1. Such being the case, the specific surface area of the
tubes is increased, which is advantageous for extending the run length of the cracking
furnace under the same cracking depth, and for improving product yield under the

same run length of the cracking furnace. Besides, because the curved connector has




t he sane tube dianeter as the first-pass tubes, the flexibility thereof is
i nproved, which facilitates elimnation of thermal stress, thereby reducing
deformati on of the tubes and extending service |ife thereof

5Advant ageously, the S-shaped el bow 5 and U-shaped el bow 4 connected to the
| over  enghOfantdBibli disthetb2gs$ el BRt- %aé@iu‘ﬁ@s ItBe @fe&ﬁﬂﬂ?Qh@onfalsl I%)Eov'%'dde of the
second- pass tube 2 (see Fig. 2A), and S- shaped bow 5 and U-$haped

el bow 4 edinbetocidigatesoclithiaationef t@maloﬂretshethmeh]erreducmtdqﬁaygitmm@é thewhi ch is
arranged, ond- pass tube 2 (see Fig. 2A) are
respecti vﬁ%y%%%gg}dg%%%%lgghfqueergg%f the plane P 10 (see Figs. 2B and 2C).
This arrangenent facilitates nore hom)geneous absorption of deformation

caused by the, t her nal t hug furth redu the te rature on the
orTade of | OHRERRDS e g SR AIPPhS A0 PP R hepBBL e She

pr ef er r ethwvaiyeadiorery ﬁrsagagsrtdbé: atvaflc 1y Aridge B a 1FEiBOBF theQ¥tontlRsE espect i ve
15 S—shaped el bows of the two first-pass tubes 1 are in parallel wth

each ot hébe ?\/\kFW &ig. ﬁé)ar ashdetS-ghaped §W8We@la@4 bosherad elbowHecangected &t - pass
tubes 1 a{eelo of g &g@r fRMBads 6, 1 %gh B g&g{&ggl V b%ft gldé% t to the

center line o e second- pass tube shaped
el bow 4 @écontlr@asm tube 2 g Figubs) drelresrgtedtlnioceted at itdle sides bhthegllaee® P are in

180 ith the S sh bow 5 and U-shaped 20el how 4 of
the 1Pr afieRaid TR0 2o e b eaenii RGeS Bt ndpohame i emor of ™" * ©

Mor eover deﬁﬁnﬁt&ﬁwanesd bynhé ferpaotess tiars faﬂﬁé’i&%&ﬂ{g e engRrat@e Shithé ght  pi pe
of certain_|length a{’]d of the same tube ﬁ? as the first-pass tubes can
be provi d¥thosef thedhoesrad frisndige dhesesyige b é‘?,rﬁ? ed connector. 25

According to one variation of the first enbodinent, the first-pass tubes 1
and the second-pass tube 2 can be arranged at di fferent pl anes, wherein the
curved connéBppe p@ﬁﬁﬂeﬁl@n&@m@ﬁmﬂllw@,&t@ i KigsPRysheltop| virow the regpective t he

S shq@ed | scﬁ Y AbGR5 %Fﬂ'gen?u}otﬁ t- A8 éullneﬁs l%g%ﬁ gﬁfm&%ﬁ?&}%r (i'o\;vﬂﬂ g to the

pr esent sure w | e sa e of
sinplici tl;e,rembwd@ahapedselhnwmfboﬁmwmsﬁrﬁt#mks tabes Ha&ﬁmomandfthemdﬂose in

t he enbodli t a ai ned above d the functions thereof w
di scusseg‘flgmf)feeprlef?éﬂ)é S&PET e %H c@gﬁtp Hf CoroidePasy fbe Joﬁg t her eof
wi |1 not Sb@aped elbow 5 and U-shaped elbow 4 of the first-pass tube 1 located at one side of
the plane P are in 180° rotation symmetry with the S-shaped elbow 5 and U-shaped
20  elbow 4 of the first-pass tube 1 located at the other side of the plane P.

Moreover, as required in the process or mechanical design, a straight pipe of
certain length and of the same tube diameter as the first-pass tubes -can be provided

between the manifold 3 and the curved connector.

25
According to one variation of the first embodiment, the first-pass tubes 1 and the
second-pass tube 2 can be arranged at different planes, wherein the curved connector
can merely comprises the U-shaped elbow 4, while the S-shaped elbow 5 can be
omitted.
30

Other embodiments according to the present disclosure will be explained in the
following. For the sake of simplicity, only features or components that are different
from those in the embodiment as explained above and the functions thereof will be

discussed, while the same features or components or the functions thereof will not be




r epeat ed. Figs. 3A, 3B, and 3C show a second enbodi nent according to
the present disclosure. The second enbodi nent distinguishes fromthe first
enbodiment in that 5 both of the two first-pass tubes 1 are arranged at
one and the sane side of the second-pass tube 2 (see the front view Fig.
3A). This arrangenent can dl so realize the advantages as stated in the
first embodinent, and is applicable in sone cracking furnaces of specific
structures. In the second enbodi nent, the S-shaped el bow 5 and U shaped

el bow 4 connect ed, t 0,4 he r, end of ope of .the first.-pass,tubes 1, and
The 10 S shap i etbotsishdCUAoRh Betreamh SmPad oiih st EtinE oot ke TFower  end o
t he ot her dtlokiie. The sdcop@smbodiast distnguistes Iftori BSPARE cmBb¥inRA! ANGRE at the
two sides_ of the plan%ﬁg in which all the three tuhbes are | ocated (see

Figs. 3B &At aicthe ™p Srd-rappbiiendntre Frased o onmadsthesayceisle af ghoup of
the S ShaQ@c@nngQ%Wuﬁe 1acanet thhared; BQQVT&Z}S arlglem t[) %a\‘i;lvraéllsro\%lee?{%bwéh' p with

anot her group of the S-shaped el bow 5 and shaped el bo respect to
t he pl aneadvahtages Bk gtat@iCin thenfitshembdobivetinkeand sotppdiaae in rsome varackibpt h

groups of V. ct.or t_be inmyror, nelatlonshi it h. each

ot her, i nﬁ%# é?? ff g&gﬁcuér@cﬁﬁée@g%ﬂn{é sieg%ngi%m%onam \%éti‘ Eﬁtégﬁpﬁésﬁgﬁea%‘ﬂ bows at
the two sildgmpe®fbow 4 Snnedted twthewgm ch@f bhe 6f ﬂlbla"ﬁﬁ-}iaui)’ﬁlﬁesll ,and (;ché]e
second- pass,t ube are rranged i.n a co n ane, the curye onnect or
can onfy gaﬁl?ﬁﬁ"idsﬂg?‘ﬁé 0SSP et “eoburrTeia leprariradenf By BO& Sfcan be
om tted. ARMiGEpasdAibed B ar@ Rl 4speiRMyPartRisEd a€iiB R6Hh TRIRE of BeUIH-W 4 O the

present disclosure. The third enbodinent i's different fromthe first

enbodi mentvhich allthe thresstubes arg lacaisd dsaednigs PBvOIES. a t wo- pass 4-1 type coi l
structure. As denonstrated by the Figures, both sides of the second-pass
tube 2 are provided with two first-pass tubes 1. The two first-pass tubes 1
in either sideoatembpdigtentonbietefirinr sdomewiamrowi af the Mshwped £lbber H, t hen

connegted {01 e S SHARSH i LhPAMS: BRTobE HANRAL: SRR Aihe Vhaped
elbow 5 and U-shaped clbow 4 with respect to the plane P (see Fig. 3C). In one
embodiment not shown, however, both groups of curved connectors may not be in
mirror relationship with each other, in order to ensure the same length and weight

between the elbows at the two sides.

20
Similarly, when the first-pass tubes 1 and the second-pass tube 2 are not arranged
in a common plane, the curved connector can only comprise the U-shaped elbow 4,
while the S-shaped elbow 5 can be omitted.
25 Figs. 4A, 4B, and 4C show a third embodiment according to the present

disclosure. The third embodiment is different from the first embodiment in that the

third embodiment involves a two-pass 4-1 type coil structure. As demonstrated by the
Figures, both sides of the second-pass tube 2 are provided with two first-pass tubes 1.

. The two first-pass tubes 1 in either side are first combined into one pipe via a

30  manifold 6, then connected to the S-shaped elbow 5 and the U-shaped elbow 4, and
finally connected to the manifold 3 positioned at the lower end of the second-pass

tube 2. In the embodiment, the manifold 6 is in the form of a Y-shaped pipe elemeﬁt
having two input ends and one output end. In addition, according to the requirements

in the process and mechanical design, the two first-pass tubes 1 in either side can first
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finally connected to the manifold 3 positioned at the | ower end of the
second-pass tube 2. In the enbodinent, the manifold 6 is in the formof a
Y- shaped pi pe el ement having two input ends and one output end. In
addition, according to the requirenents in the process and nechani cal

design, phgorhiRed ikt Bﬁeﬁ@ﬁé vﬁartgﬁgngzii- did 8! thRE boledfRd ¢S e];é-gsﬁai)ﬁd 91%89\9 mbi ned

into one pipe via one I fol en connected to t - shaped el bow 5

and t he &ash#pdd-sbisdwibovby bE@nmé@tihQQD oue shraéght pipei gl fipallyeonsacted i nal |y
connecte . i fol rpanged. at .t | ower end_af, t he second- pass
Cube o vitat bafirdRct fafiecd 8L IRTREE: U 0P e HEORFRES dhod A AL - B

It can beassitiin pipeiiige astraight pipabdr amelbow).enbodi nent not shown, the nanifold
6 can_be omtted. Meanwhile, the manifold 3 can be nodified to have four
inputsends and one output end. In this case, the four first-pass tubes 1

can be diregfé G0ARRE LBlerb@od MRt iR Whe IcHDMEINRAE SOl HRWIE BRSS@IY01§ | POWS
(i.e., Ushaped el bows 4 and S-shaped 10el bows 5), or via a transition pipe

(i.e., acaxbpapghicdpMsenvhilethemepifpld 3 can by modifisd to beye fove igGt shdsw a fourth
erbodi Meftd SCAAYMal B bl HRERr H3G 08 1 Kty Gl SaRagdrent s
still a two-pass 2-1 type coil’ structure, P¢h I8 esi gn d I the same way
as the fiote fenbbgunents wx cegssarnaibovts @enpif-siseped &lbsvsseand §-ghass] t ubes 2

arranged together side by side,.and 16 first-pass, tubes 1 which are divided
into?(?v\oelé?%ﬁég Oﬁmviaﬁqéantg%lﬂgé’lﬁerp'%‘a%ﬁ“?jg%tLPp}per%rpsaﬁeeilfqvbel y arranged at the two
si des of the second-pass tubes 2. The structure of the fourth enbodinent is
equi valent to a structure_including 8 coi]s of the first epbodi nents

arr anged to@é&shéﬁaiﬁgsp%{'(dalspeww enfoEd %Fﬁh?qi’é‘!em pecordipgyio jthe pregentp,  al |
the 16 Sgzhanee Blaeugh gm%(ﬁnieﬂt Ratald §lo-glls Wit HpoBsI %ﬂﬁgﬁg}v&l?igtgﬁé hermor e,

for each second-pass tube 2, the corresponding two U-shaped el bows 4 are
pl aced i fesigned aindthehsanea eyl Rhéhe Birslf embbdignent lescapd rthagsiposrimriged)-&haped

el boyws 4 - ! | el _wit ne, anot her.
ot ¢ FonnE B IR BErRERS o R o Gl dRE R Foatl A B RBIICC g
ar eas of divived 2btoSwehapas with@wabd iardch lgeoup-rehyepect]e hivanvged 4t dfeetwoocat ed i n
a common .pl a Q which is i rallel w.th the plane P. . Figs. 6A, 6B,
2 6C SHE & e oehMeRB PRt | AE SBARAR ths ‘oeh SREOGRETtiscOsEkRE, The
fifth erpogdim®bire iisclsiifs Banlls of the filCeriBoBmasts ahandaaubdih@Th Qaialent

with one another. As shown in Fig. 5B, all the 16 S-shaped elbows 5 are in paraliel

20  with one another. Furthermore, for each second-pass tube 2, the corresponding two
U-shaped elbows 4 are placed in one and the same line. Preferably, the corresponding

U-shaped elbows 4 of each second-pass tube 2 are in parallel with one another,

In addition, preferably, at the two sides of the plane P, all connecting areas of the
25  S-shaped elbows 5 and the U-shaped elbows 4 are located in a common plane Q,

which is in parallel with the plane P.

Figs. 6A, 6B, and 6C show a fifth embodiment according to the present
disclosure. The fifth embodiment is substantially the same as the fourth embodiment

30 except that not all the 16 S-shaped elbows 5 are in parallel with one another. Instead,
they are divided into several groups andl all elbows in a group are in parallel with one
another. As indicated in the Figures, the S-shaped elbows 5 are grouped with an outer
elbow and an inner elbow, and the two S-shaped elbows 5 in each group are parallel

with each other.
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30 except that not all the 16 S-shaped elbows 5 are in parallel with one
another. Instead, they are divided into several groups and all elbows in a
group are in parallel with one another. As indicated in the Figures, the
S-shaped el bows 5 are grouped with an outer el bow and an inner el bow, and
the two S-shaped el bows 5 in each group are’parallel with each other.
Figs. 7A, 7B, and 7C show a si xth enbodi nent accordi ng to. the present

di scl osure. Fige 3AX{TH, enbotl hnw & ssisthbehbmiimaht yedohding aoethaspredent f ourt h

conmon prisB e B Han SnEubH s SEa D e saerr Nangh SHUPROIRY, 7, the
si de Vi ewxcept fadfig: st-Passhiedd ehrghiot birhsiedragmve davtndorapland AaRt@d at one
side of the second.pass tube 2, and a plane M in which the other eight
first pasecondmass hibgPeAp é@kﬁ?@‘ﬁdé"é Figh dCothsesidesyigw, Hplapp M sevhighieishds t ube 2,
form an agutfaRBLe hRSIBEALD ¥k el & tﬁﬁ&%gg.gaﬁl B2 PANPoEne 0 i ch the

second-pass tube 2 is located. Preferab pl anes M a M are in
mrror Jyoichethgvilgnsighipfisst-pass tehspd are tooated ot theatker Bide ofi theddiandepass as  shown

in Fig. h 0 I ew, h. of.. fhISt- s tubes 1 has,an axis line L
per pendi %ﬁ?ea%’ ﬁ%ﬁl t egéﬁll%eaH‘neﬁ E%Fsr?%d ‘I}e?)ﬁ “flﬁh?el%é%%gz%ﬂbea@@? isblé1 ‘51“165 tﬁScat ed. It
can be easdony-pasdentst doid, locaednBrefgeablyf itiee @hdnesiveaid MherepimmmgisroM M can
be in _parallel with the plane P. That is, either the pl.ane Mor M defines
an aﬁal e TORUOAShD Wit WW*WE%‘?’SRE“?& F&'rsidﬂgﬂ%?ses, oL Ifi\giﬂeaﬁe i®PE VTS occur to
one skil leggh bfitht Mistaks tubed 1| hiY s S4$ UEd LiRrjendRBRL t-@BlpBink ® AWhieRSES 1N

which all_ the first-pass_tubes are positioned at one and the sane side of

the secorls perosdipasetube(2of lesaiesl & dan bheasbe onderenpbdinnent specifine present
di scl oSule@baafidi® HAPLAE MR Bl RN AISAUAR'L FEROP! TRRY, BREAILNY Lo the
: 0 u y

pr esent 50 8| scl osur e seventh e I'ment 1s substantial the sane as
t he secomlane i odMielefinesarepigla tfadera with snpplaseB. Furtherrsae pihavophlismsilybes 2

arranged toget her .sj. de. si.de, .and 10 fi.rst-pass.tubes 1 .arra at one
and- . cEAE T B indte B fin RS Pkl o BRRE L R et B ORI Y <

enbodi nenlie fist-papsitititk afd posxidried @t 66d hrlﬁ:l ‘iﬂhé shﬂnﬁ lsﬁieroa‘ttl!i’éjsdﬁﬂnd-b&s ftlilf?}@@

enbodi ne arranged together in parallel with one another. As shown in Fig.
25 8B, tRé’r @Pﬁgﬁéﬂthélsmﬂg embgfnant ehthe PEesentsbtdossdonnect ed to the | ower
end of the first-pass tubes are staggered with each other with respect to

the plane P in which the
Figs. 8A, 8B, and 8C show a seventh embodiment according to the present

20  disclosure. The seventh embodiment is substantially the same as the second
embodiment except that it comprises five second-pass tubes 2 arranged together side
by side, and 10 first-pass tubes 1 arranged at one and the same side of the second-pass
tubes 2. The structure of this embodiment is equivalent to five coils as illustrated in
the first embodiment arranged together in parallel with one another. As shown in Fig.

25 8B, the S-shaped elbows 5 and U-shaped elbows 4 connected to the lower end of the
first-pass tubes are staggered with each other with respect to the plane P in which the
tubes are located, i.e., the S-shaped elbow 5 and U-shaped elbow 4 connected to a
first tube of the first-pass tubes are arranged at one side of the plane P (an upper

.portion in the top view), while the S-shaped elbow 5 and U-shaped elbow 4 connected

30 to asecond tube of the first-pass tubes are arranged at the other side of the plane P (a
lower portion in the top view), so on and so forth. Besides, all the S-shaped elbows 5
at the upper portion of the top view are in parallel with one another, and all the
U-shaped elbows 4 thereof are also in parallel with one another. And all the S-shaped

elbows 5 at the lower portion of the top view are in parallel with one ailother, and all
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tubes are |located, i.e., the S-shaped el bow 5 and U shaped el bow 4
connected to a first tube of the first-pass tubes are arranged at one side
of the plane P (an upper portion in the top view), while the S-shaped el bow
5 and U shaped el bow 4 connected 30 to a second tube of the first-pass ]
tubes ar t a lower portion in the
top vi evv)%ma[rj @%ﬂg:% tWS4 gﬁﬁﬁﬁ%gebqgg%fﬂléalpﬁﬂ%@% R‘nlfiped el bows 5 at the
upper portion of the top view are in paraIIeI with one another, and all the

the & shaped oL angRis HRaug. 1ErBR s fie i VB GrEhi: ReLgénd 21
Wi th one Saghapdieelbowind aall IU-skdped ld}tﬁ)h&pfedes édwéry ArahpeY gahe &k s@As @i N
paral lL.el wth oPe anot her. Addi t i ona , In th| s enbodi mrent, vi ewed

fr om f he 18 plang P @ty nsmirarrglatigeship pig e@‘%ﬁ bV BHREt 1 thaa! W%é@ed el bows
4 respechhy elihdlihéRosst howdenéwies 8RS sRE pr ?}é&ﬁo&l %ﬂz‘?ed? Akndt jfni rror

rel ationship with each other ‘with res ect to the plane P. In one enbodi nent
not showsymAs{EEigrordemhe ensgee pheopaém |p«mslen@@ar elothcatve poved gosneatresry in
order to glﬁ? h of the two curved connectors connected
to one an E{éeﬂgggnlgeangﬁ A[rgee%@?gs' 9A, 9B, and 9C show an eighth '
enbodi nent according to the present disclosure. The eighth enbodi nent is

b t ntiall he sevent nbqdi.ment except that the | ower end
2:‘1 fH f: rstly%sazbgA %Em%spé % OPs 82 & e“ttt‘?é"‘lﬁ-gglﬁa BN 4, then
to the Sdsbrpee. efHeowidhth amshddinaltl ¥ tsabgtml NtieOksing. asTHR sbwonth he | ayout

order of the U shaped el bow 4 and S-shaped elbow 5 are different fromthat
embodiment except that the lower end of the first-pass tube 1 is first connected to the

U-shaped elbow 4, then to the S-shaped elbow 5, and finally to the manifold 3. That is,

the layout order of the U-shaped elbow 4-and S-shaped elbow 5 are different from that
15 in any one of the preceding embodiments. Preferably, the S-shaped elbows 5
respectively arranged at the two sides of the plane P in which the tubes are located arc
in mirror relationship with respect to the plane P in the top view. Still preferably, the
pipe length of the connector connecting to the first-pass tube is the same as that of
connecting to the second-pass tube (see Fig. 9B).
20
Figs. 10A, 10B, and 10C show a ninth embodiment according to the present
disclosure. The ninth embodiment is substantially the same as the eighth embodiment
except that all the U-shaped elbows are the same as one another, and the S-shaped
elbows respectively positioned at the two sides of the plane P in which the tubes are

25  located are not in mirror relationship with respect to plane P.

Figs. 11A, 11B, and 11C show a tenth embodiment according to the present
disclosure. The tenth embodiment, which is a two-pass 4-1 type coil structure, is
substantially the same as the first embodiment except that it comprises four

30 second-pass tubes 2 arranged together in parallel with one another, and 16 first-pass
tubes 1 which are divided into two groups each group with eight tubes respectively
arranged at the two sides of the second-pass tubes 2. The structure of this embodiment
is equivalent to four coils of the third embodiment arranged together in parallel with

one another.
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15 in any one of the preceding enbodi nents. Preferably, the S-shaped el bows
5 respectively arranged at the two sides of the plane Pin which the tubes
are located are in mrror relationship with respect to the plane P in the
top view Still preferably, the pipe Iength of the connector connecting to
the first-pass tube is the sanme as that of connecting to the second-pass
tube (see Fi)g. 9B). 20 Figs. 10A, 10B, and 10C show a ninth enbodi nent
accor di ng t o\eeeding wsthe pregers clisskgnes, amriveendiampteeobibd fingmpass tsbslibstant i al | y

th i ' i . d.el.b
the sane taan HFalledit 46 R0 88 LA i G dmd A B SecblEnats RORRGH BB 427 5 00 at
the two sShaesgofroh® fol Bfemf, and whimfer tiaeeteu b sheacoan@ibrosanedingrthe not i n

mrror. r tionship,wth respect.to plane, P, Fi gs. A, B, and 11C
Chow 3 t HE TSN a0, HEreootdEaRS hEs 6Bt e i tueensti Benodlrle. 0 ams ont 7

enbodi nerfurthwitiosd) theleAgth WItRAGSt-fash tibePE &Rl lyThh BE ktleQed hswikBshanti al Iy
the sanme as the first enbodi nent except that it conprises four 30

second- pddigetigpaS o 48 manwlide thsglengibrofithe seqoarinass Wibe1? earebasdedted, and 16

First-pasaafitBRS rdngbhirGil @g@agfi ;ﬁhd?ﬂe 1 Bb R déé@g&fs{?ﬁp&ﬁldegﬁlgr %Ell%ﬂ%t% th eight

tubes respectively arrange e two si e second-pass bes 2.
The st r ustugesning thehiesgtb ripd dinmerntiamsterrgilifubed amt carmedtorsrare mpt Emited tihe third

oty s bty bATEL B MaRal S rall PO 0 Pt bnewm BBC"1 can

be i n theneakijed forthernd0 to 65 nm an inner dianeter of the second-pass tube
can be in the range from55 to 130 nm and an inner dianeter of the
connector connecting the 5 first-pass and the second-pass tubes can be in

the range framm Qré@rdP emPodintdnt, B MRnSificl Meal AR RimbdesfchRtnpass tube
1 generally can be selected as within the range from8 to 18 m ile the

| engt h oftwisted ek ahdisglased indB 1260409, ban befistheedronidediin theheadiaahgellf rom 6 to
14 m15gh%uﬁaﬁl‘é,einfﬁﬁé}r{??ﬁﬁlﬁgteaa'ggorgﬁ 5fr931£1ﬁ‘tr1:fétafr s concerning the Iength and

i nner di aneter”of tubes and conneéciors are not limted in 10 the above
ranges but can be selected as specifically required, which is well known by

one skilled jn the .art. .. I n e preferred enmbodi nent,, an i.ntensified
heat t ranst &t 1RUEB AR cracking fanqctiet (g BrpSt distlosurs orRempbaily IPssribed 1260469,
can be fwithheée tRioassedidm dollestfuetlir@ it he@tver WeStindeesdiatidethal theOprd@htt 0

radi ant heat. Al t hough the cracking furnace of

facilitateflbsorptiéa&g of i ]
the pr esdie Ogi"S B e Wsed da ppagiant Wbawmrﬁéavmgtmor@ﬁhmwwg@- r adi ant
coi | 281 I g} bnpid tin BOREVEN t?;l?e féuﬂgésétceﬂgtr%&@e, 1 e bR egfo%ﬁiea%l re can
al so be used in a radiant coil structure having nore than two passes. 20
For exanpllewer endax ageedpnd-pass gpe fdusthrpagnabe doid skelleduiotthe &t wauldsasfipl d can be
provi ded e f cond-pass; . or a fourth-pass tube. One skilled
in the a}@&mgfjﬁlg\égévsﬁ #%rf%aflﬁ]lgs[g? prteﬁeen?gg(c)l\%urg‘r ter reading the present _
di scl osure. Mreover, although in the foregoing the present disclosure is
descri bed with . . . \ . .
Moreover, although in the foregoing the present disclosure is described with
25  reference to one set of radiant coil arranged in one cracking furnace, it can be
~ understood that a plurality of sets of radiant coils can be arranged in one single
cracking furnace, dependent on the actual requirements. When one cracking furnace is
provided with a plurality of radiant coils as described in the above embodiments, the
radiant coils can be arranged in sequence. Altematively, the plurality of radiant coils
30 can be arranged in the form of manifolds. In this case, the coils should be arranged in

a mirror-symmetric way.

Although the present disclosure is described in details with reference to some

embodiments, it would be apparent to one skilled in the art that modifications and -
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25 reference to one set of radiant coil arranged in one cracking furnace,
it can be understood that a plurality of sets of radiant coils can be
arranged in one single cracking furnace, dependent on the actual

requi renents. \Wen one cracking furnace is provided with a plurality of

radi ant GaHkHodSmae S nbRd on sbhie ﬁQﬂYé%/c%ﬁ@Qgéiﬂ@Q}Lﬁturésh?f rdi FolerOl I s can

be arranged in sequence. Alternatively, t urality of radi'ant coils 30

can be adislger withauhdepasting Gomriai spoltdy. scope ohibs ivwsgiont lepardéular, shoul d be
arranged L k:Qf= L t t ef: I.$Glosure is
descri beéjl ‘Jiqﬁe%%g%sa@%!slo%xt ﬁlgfegr%ﬁgﬁgﬁée tc? agéélr?e&gﬁ%& ‘er]g%ﬁ‘go,%%i#gc\l/\%%? d"be

appar ent otler embodikichisad arlbritrbdyewayst urtl dsa ttherehihatiainks oy @nsk condlidtatitons may
be made to.songe .feat ures/ component s/ structures of,. 1 he present, disclosure
wi t hodt d%b‘?i?’%ﬁaﬂgtﬁ%r RrﬁﬁngB}SFE’FWSrcoé’Eﬁp@nge Wélécﬁﬁ}%'%t gk varaliogar ¢ i cul ar
t he feat Wh@sofdpeeides alley RoMBEWRRROBicNBIdhe CENthRCappRARIINEdinY bhd tthase

di scl osed in other enbodinents in arbitrary ways unl ess the conbi nations
may caus&dBiFHENScts It 5 is intended that the present disclosure covers all
the nodifications and variations thereof provided they cone within the
scope of the appended clainms and their equivalents. dains : 1. An
et hyl ene cracki ng furnace, conpri sing: at | east one radiant section,
which is provided with a bottom burner and/or a side 5burner, and at |east
one set of radiant coil arranged along a |ongitudinal direction of the

radi ant secti on, wherein the radiant coil is an at |east two-pass coil
having an N-1 structure, N preferably being a natural nunber from2 to 8;
and a manifold is arranged at an inlet end of a downstream tube of
said at |east 10 two-pass coil, and an outlet end of each upstreamtube of
said at | east two-pass coil is connected to the manifold through a curved
connect or. :
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2. The ethyl ene cracking furnace according to claim1, wherein the manifold
isinthe formof an invertedly Y-shaped pipe or a palmlike pipe having N
i nput ends and 15one output end, N equaling 2 or 4. 3. The ethyl ene
cracking furnace according to claiml1l or 2, wherein each curved connector
conpri segamé shaped el bow and an S-shaped el bow, of which one connects to
the outlet end of a correspondi ng upstream tube, and the other connects to
20 an inlet end of the manifold. 4. The ethyl ene cracking furnace
according to claim 3, wherein the upstreamtubes are divided into two
groups each lwAhktiyheie eaickingdninace, obmptikiag: respecti vely arranged at two
sides of the ﬁgmnstr%$n1tube, and wherejin. all of the upstreamtubes 25 and

t he downst r GhIFAFLATE rafiant spetiongwhich s groy thy boftem burnemandigy @ sidé,y | ene

cracks Ngbiides) AR aBRAQ Bt bOra@lad Bdift arriU)RE QU dhgVd ﬁ)wgf#ucﬁﬁeﬁ BiRch APy ew of
the radiant coil, with respect to the downstream tube, correspondi ng

S- shapedtheiradiart sgetiony especti vel y arranged at two sides of the plane in

whi ch the tuyhe iﬁ%eafagjaiéfgai ?sdamdlewg%{paéé .ﬁdyﬂ }g&r\glggﬁ&hle Gle, &0/ O

correspondi ng shape OWs are respective ged at two &ides of the
pl ane i npwidralily bhiagtubesalanenbeofratmetitodydnd n one and t he sane |ine.

6. The ethyl ene .cr.acki ng furnace. accordi to claim§5, erein all the

S- shaped eﬁgg@gl@&g ioH a‘lr&l B T Wdo?ggé]ﬁgfnﬁté?a.m uibe %glsa‘l‘ﬁépé?aﬁgll ene

cr acko ngrbepas eeil pedandiuie: &l ¢l Atinpstrewiatd of @ld attlbet Svepapesil ¢ bows are
divided into a plyrality of groups, with all S-shaped el bows in each group
in paral F‘é‘}neWF@FP%‘ﬁéna& pid{arough a'cugyed ppanesioRy| ene cracki ng furnace
according to claim2, wherein when N equals 4, every two upstreamtubes are

first conbined together via one Y-shaped pipe el enent before being
connect ed t @ Thectbpeneeracking Sornage acg@rding to claim 1, wherein the manifold is in

the form of an invertedly Y-shaped pipe or a palm-like pipe having N input ends and
15  one output end, N equaling 2 or 4. |

3. The ethylene cracking furnace according to claim 1 or 2, whetein each curved
connector comprises a U-shaped elbow and an S-shaped elbow, of which one
connects to the outlet end of a corresponding upstream tube, and the other connects to

20  an inlet end of the manifold.

4. The ethylene cracking furnace according to claim 3, wherein the upstream
tubes are divided into two groups each with the same number of tubes respectively
arranged at two sides of the downstream tube, and wherein all of the upstream tubes

25  and the downstream tube are arranged in a common plane.

5. The cthylene cracking furnace according to claim 4, wherein viewed from a
top view of the radiant coil, with respect to the downstream tube, corresponding
S-shaped elbows are respectively arranged at two sides of the plane in which the tubes

30  are located and in parallel with each other, and/or corresponding U-shaped elbows are
respectively arranged at two sides of the plane in which the tubes are located and in

one and the same line,

6. The ethylene cracking furnace according to claim 5, wherein all the S-shaped
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9. The ethyl ene cracking furnace according to claim1 or 2, wherein the
upstreamtubes are divided into two groups each with the sanme nunber of
tubes respectively arranged at two sides of the plane in which the
downstream tube is |ocated, and wherein with respect to the plane in which

the downgiyoeamd WbBralg] WRk8LEImothdre 15 pl ane in which the upstream tubes

arranged at one side of the downstreamtube are located is in mrror
relationship with the plane in which the upstreamtubes arranged at the

ot her side .ocat ed, . t hyl ene

cracki ng fu%\gglg%%g[ge\g?ﬁ%g oﬁl(k:i%a? rgﬁ&g)r &lﬁégbrgg%n t5 hghuggntérggglﬁ%ég% tbes

ar r anged elowanees divilled dgfito tahgutivwnstt greaps, tithell $-Bieapad siboearin tadhesoap r anged at
t he o%her. Si g‘? of. .t he dofgnstreamtube, and the downstream tube are _
respect | veP3Fais) withqug aBpthses parallel with one anot her. 11. The

et hyl ene cracking furnace according to claim3, wherein the upstream 25
tubes are all arranged at one and the sane side of the downstream tube.

12. The et hy8- dnecdwkegcrgkingfwmees weewing wglaim % Mierain whemNeadqsla 4al | t he

upstr eame%&?ﬁ%Zsﬁ%éaﬂ?tu@%"@x%tﬁﬁ@é&%iﬁ@d t%fg@ﬂl&ﬂ% bhQ @%ﬁb%ﬁipg QIR Pl ane.

3013. The et e cracking furnace accofding to clai wherern vi ewed
from a t bpfové esinpéonnheted dihartrvedicbnnectoe curved connectors of two adj acent
_upstﬁgan1tubes are respectively located at two sides of the plane in which
the tubes are located. 14. The ethyl ene cracking furnace according to

claim 13, whiemak BtheRab ciacking Fethaceed oMo RELIS] 610, WRrddt tHeaipstedsh of a
correspondi ng u ,stc{qgamtube, and each, U-shaped el bow connects to_an inlet

end of t MEPERER FIIGed 1Bi9fWo grovupheacy; With Hie gmeympaber Of fukes ratregieh®r si de of

the pl angrhibeiik G §iB&s JRSHIaRE B WRERTIRUAGrédh BAEH loBhredahf) One anot her,
and the U shaped el bows at either side of the 5 plane in which the tubes
are | ocat ed vétegein rwvigareapdceto Wiet plammia which Keg downstream tube is located, the

15 plane in which the upstream tubes arranged at one side of the downstream tube are
located is in mirror relationship with the plane in which the upstream tubes arranged

at the other side of the downstream tube are located.

10. The ethylene cracking furnace according to claim 9, wherein the upstream
20 tubes arranged at one side of the downstream tube, the upstream tubes arranged at the
other side of the downstream tube, and the downstream tube are respectively in three

planes parallel with one another.

11. The ethylene cracking furnace according to claim 3, wherein the upstream

25  tubes are all arranged at one and the same side of the downstream tube.

12. The ethylene cracking furnace according to claim 11, wherein all the

upstream tubes and the downstream tube are positioned in a common plane.
30 13. The ethylene cracking furnace according to claim 12, wherein viewed from a
top view of the radiant coil, the curved connectors of two adjacent upstream tubes are

respectively located at two sides of the plane in which the tubes are located.

14. The ethylene cracking furnace according to claim 13, wherein cach S-shaped
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15. The et hyl ene cracking furnace according to claim13, wherein each
S-shaped el bow connects to a corresponding inlet end of the manifold, and
each U shaped el bow connects to the outlet end of a correspondi ng upstream
tube, and 1Owherein the S-shaped el bows arranged respectively at two sides

of the pl [ iI.C e e I re | 11T r Lenship with
respect te %Bta] hlg p a*ﬁe{bi H{%\I\/(?I{l%lﬁ férhdz 0’? u ggﬁgsﬁgnﬁgga%ﬁég% fibe, gtlld:;i%'.a(cjﬁl‘lhe
et hyl ene Lestapkd elhowermzects ta@o onldi ang of theohanifnld,3ndwherei n t he curved 15

connectors of, two adiacent stream.t ubes ve the.sa | .engt.h. 17. The
cthyene or SeriD P AR ARG L S of MR AR B B ersipst f eam

t ulbes ar eooafedailﬁ@iﬁﬁbdrdﬂel \a@thpin&rmﬁ&hé?&ﬂ@ﬂiei W—\?\,I(l]apeﬂ\&ﬁﬁr?ﬁ:«hdaaéﬂhdr rsidasidfrtﬁ%

rel ationship.w respect to t pl ane in j ch the downstreamtube is

| ocat &d. pg@em‘”h¥§theﬁ+§eseatrﬁ CéWg ags geraligl ‘T"Ui’ﬁa‘*cén%]&f‘éor ding to claim1 or

2, wherein the tube dianeter of the curved connector equals the tube

di anmeter of the upstreamtube. 19. The ethylene cracking furnace
accor di ng t d5ahic ethelend crarlaingdumagepcegrdimesatebaiai 13, whereimefichfeshaped is a

t wo- pass .g0i t %‘E[E] ' | - DAS nd._th
downstr egﬁg%ﬁ%&%‘gﬁs ﬁgsﬁ Fﬁe S {):%{%gg g@ggg?%ggtﬂé %Egﬁ %ﬁ&e%gﬁh?{]%%éecgr acki ng
f urnace alboorainnertt o thapuitm enddf t@rasporlinguk@eamitarecaml t he radi ant coil is
a nul ti-pass .coi.l hayi re than t asses, the 30 upstyeam tuybes being
oda hber ecinet ot 1eBehere st et amel PR ettt WD aREE TBnes.

which the tubes are located are in mirror relationship with respect to the plane in

which the tubes are located.

16. The ethylene cracking furnace according to claim 13, wherein the curved

15  connectors of two adjacent upstream tubes have the same length.

17. The ethylene cracking furnace according to claim 11, wherein all the
upstream tubes are arranged in two planes respectively, which are in mirror
relationship with respect to the plane in which the downstream tube is located.

20
18. The ethylene cracking furnace according to claim 1 or 2, wherein the tube

diameter of the curved connector equals the tube diameter of the upstream tube.

19. The ethylene cracking furnace according to any one of claims 1 to 18,
25  wherein the radiant coil is a two-pass coil, the upstream tube being the first-pass tube

and the downstream tube being the second-pass tube.

20. The ethylene cracking furnace according to any one of claims 1 to 18,
wherein the radiant coil is a multi-pass coil having more than two passes, the
30  upstream tubes being odd-numbered ones while the downstream tubes be'ing: _

even-numbered ones.
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