WO 02/100982 PCT/ US02/ 18850 Pyrolysis Heater Wth Paired Burner Zoned
Firing System Background of the Invention The present invention relates to
pyr ol ysi swheatierws2 and specifically to an inproved burner PaTrEnyesssnt t o
control the heat 5 flux to various sections of the process coils. A

typi cal pyrolysis heater consists of one or nDre fireboxes conprising
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ofg]maﬁﬁ"xt ?%? E ga ¢ F‘T’s

I nsi de (\-fgr'S‘f'S ?/sz) %ersss I de of an et hyl ene cracking

heater, identical me@rpﬁdhl ;kwarvergs h%h@ersﬁaﬁﬁﬂté)@)ft&@e hsrarddie afiibdx@et h of
t he Iong wal s of each firebox to provide the high intensity heat rel ease

necessary forcomprpgmglryglaﬂntd‘featttme $eithytsotdgeathe @hetfbfonterw pmeesmecrou ls. A
specific burner design for é){gtrt culfar Si tﬁat I on g gg heat
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sufficient heat flux fromtop to bottomw thout devel opi hg hot spots 25

whi ch pr aoot eerher praneadi tre difelstepbstween neicdeadiatingrevaisocdbe padses and
reduce the heater availability for production. In a typical pyrolysis
heater in artofee#sh &od ?ﬂeaﬁtos" Qfiien ravagesb upofo Qrgﬁlﬂa'éolacréﬁ’ diRIBRtS bur ner s

for light TeqdalociRy AdRETNART &Pt Gél]aﬁ»P th@eL&iYs have‘ a number of

parallel smaller tubes at the inlet end and fewer larger tubes at the
outlet end.

15 Vertically firing burners located on the hearth o.r floor of the
firebox are used as a heat source inside of many types of pyrolysis
heaters. Inside of an ethylene cracking heater, identical hearth
burners are spaced on the hearth along both of the long walls of each
firebox to provide the high intensity heat release necessary for

20 pyrolysis of the feedstock inside of the process coils. A specific
burner design for a particular situation must provide a heat release
rate as a function of elevation which is within an acceptable
performance envelope. This assures that the process coils receive
sufficient heat flux from top to bottom without developing hot spots

25  which promote the formation of deposits inside of the process tubes
and reduce the heater availability for production. In a typical
pyrolysis heater in an ethylene plant, on the order of eight to ten
hearth burners for light feedstocks and perhaps eighteen to twenty
for heavy feedstocks are located along each of the refractory walls

" 30 on the sides of the firebox with the process coil being suspended in



for heavy feedstocks are | ocated along each of the refractory walls 30 on
the sides of the firebox with the process coil being suspended in WD

02/ 100982wB@11wB82/ 18850 the center between the walls. TireThisozressso are al |
of a simlar design and they fire upward along the walls at nore or |ess
the sane rate. This results in the inlet passes and the outlet passes of
the process e tenteeibegweeatthe walls.hel eahurdraareralihetin similendesignt e.
Since the 5 gas;:s bei ng treated in they\Process coils are hotter toward the
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coils being heate at the sane rate, coking is nore likely. "Further, with
hott er processoilsechpegaheates ah théesams [fleix padees raledsad Cratgui Siacenthef | uxes,
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decrease t he WgatcoflsuRetrg hemsedhodt dheosamet ratet cokieg Themers eldtelys to
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sections of the <coils together and grouping the outlet sections together

and provi di ngarennghmally pive  highelsbw buttppicabuadiant .cofise ther aperaitianeisar r anged
and 25 paired . tpo geperate -a tenperature field that .is seqgregated into
hotter and cUBIER Pt GBHENT RegnmRRIHUESAGRANFPE CRATHE of the
process coil sy &y RihdPEFerdRE Hebl ¢RLit YiastiRend WAk ON 1 nvol ves directing

15 Summary of the Invention
An object of the invention is to heat the process coils of a
pyrolysis heater more efficiently and in a manner which will increase
the heat flux to the cooler inlet sections and decrease the heat flux to
the hotter outlet sections. The object is to reduce the heat flux at
20 the hotter outlet sections to reduce the tendency for coking while still
maintaining the required total heat input for cracking. More
specifically, the invention involves grouping the inlet sections of the
- coils together and grouping thg outlet sections together and providing
high output and low output burners. The burners are arranged and
25 paired to generate a temperature field that is segregated into hotter
and cooler zones properly aligned with the specific sections of the
process coils. Even more specifically, the invention involves directing
the flames from the burners to achieve the desired temperature

zones.
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the flames fromthe burners to achieve the desired tenperature zones. 30 2
WO 02/ 100982 PCT/ US02/ 18850 Brief Description of..the. Drawings Figure 1

I s a sinpwofoeadosserti cal cross-section representation of PaTIyS02/CE8E0
pyrolysis heater. Figure 2 is a diagramof the typical flow pattern within
a b5 firebox of a pyrolysis heater having hearth burners. Figure 3 is a

hori zont al ?§%f e%tc}ﬁgo f ft%earﬁ]\wibggortlon of a firebox of a prior art

pyrol ysis hea rners spaced on the hearth along the
wal | s. Figure 4A i $|®rsrvs§~asgmp|m@dvva\maf cedes-séctidre répresentatizin o010
Figure 3 showing the primry and secondary fuel tips and the firing

di recti ons i nattyeiqsl syeolysisthrater.oss sect ion. Figure 4B Is a face view of

t he burner of Figure 4A show_n r t 356 dary fuel
tips in the plane Sérquﬁf‘l ZI % 8 %ﬁ% qu ltq% tlg—‘#)c(f ﬂ(gw fp,g“ zo(f?lljt;I T’;‘ Cross
section ofstheréyyenf Bomtrb%l@ﬁeaterfharva@heénmH@heiso Fi gure 3 but showi ng
the burner arrangement of the present invention. Figure 6Ais a

cross-section vi ewFiguren® infa herizdnipheressofectipingaf g lawehinegtieRofpai nary
and secondary fé?el ti

cross section! rcgp%BSrr'lgr é?rp?egé'éo\ysg\mh(?]at%rhgﬁ?c)w'?'Orcgsthgf h&"ggﬂf 8%%%05\?%
the firing di %Sﬁ&éc?'&notfhetﬁ@arﬂﬁ g/t apgcondary fuel tips in the plane
parallel to the Fi gure 7 is’a graphical representation of the flow
pattern of the Figure 4A is a cross-section view of one of the burners of
10 Figure 3 showing the primary and secondary fuel tips and the firing
directions in the plane of the cross section.
Figure 4B is a face view of the burner of Figure 4A showing
the firing direction of the secondary fuel tips in the plane parallel to
the wall. o
15 Figure 5 is a horizontal cross section of the lower portion of a
firebox similar to Figure 3 but showing the burner arrangement of the
present invention.
Figure B6A is a cross-section view of one of the burners of
Figure 5 showing the primary and secondary fuel tips and the firing
20 directions in the plane of the cross section.
Figure 6B is a face view of the burner of Figure 6A showing
the firing direction of the primary and secondary fuel tips in the plane
parallel to the wall. )
Figure 7 is a graphical representation of the flow pattern of the
25  flames from the burner arrangement of the present invention.
Figure 8A is gray-scale graphic representation of the radiation
intensity distribution for a prior art pyrolysis heater employing a
zoned-firing burner layout.
Figure 8B is a gray-scale graphic demonstration similar to

30 Figure 7A but showing the radiation intensity for the present

invention.



25 flames fromthe burner arrangenment of the present invention. Figure 8A
I's gray-scale graphic representation of the radiation intensity

di st ri butwor2fiosa prior art pyrolysis heater enploying apcaarsezii§sse i ng
burner |ayout. Figure 8B is a gray-scale graphic denonstration simlar to
30 Figure 7A but showing the radiation intensity for the present
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ratio of the flux 1Fbgru resen tion to the flux of the prior art.

Description pfr_,\;émiolﬂr{cp{heb\m,xaﬁcther;ﬁfcﬁrare,d Enbodi nents of the 5 Invention
Before describing the details of the preferred enbodi ments of the present
I nvention, a typical prior art pyrolysis heater will be described. Figure

1 shows a cro sect.ion of such.a pxi.or ar ) ' t a
radi ant heat i E%S?BH o4 °gn&hea l(!?ré?{w 1Y S'H%htgégfleeﬁ;ge%iohz]gﬁgﬁﬁ%%%?ga?@% in the
convecti ons hegijditicgPne 16 are the heat "exchange surfaces 18 and 20 which
in this case are illustrated for preheating the hydrocarbon feed 22. This
zone may al so cont &efiorendascréxopathgedetails safettico prefesedc emposdiraants e
preheated feed fromthe conyection zonge is fec{ at %4 to. th hea}ig coi |
general |y 15 &B8iRf%5EBYH 'QEG'I‘B‘&%T@dtYPl'CtaEé’rPédPéntpyﬁ%g\?'isngefgﬂeV‘i'z{. %he
cracked pr Od%gciiﬁ&{m tmgur@?@téh%gv§9'éro§§ $8¥tibA Alsith a Prorradinatedeat i ng
zone 14 conprises walls designated 34 and 36 and the floor or hearth 42.
Mount ed on t haHid treatar Ras keradiant healihy zZonei hg drehrt totveaters hgetiegal | y
designated 46. These 20 burners 46 usually conprise a bgflrner tile 47

t hrough whfchzane b6. ¢ hecateshiiudhe gipryiectios hegting 7088 VEr eiecthe Jedly a

series of fuelextchgﬁgg'8surfaces 18 and 20 which in this case are illustrated for

preheating the hydrocafbon feed 22. This zone may also contain
heat exchange surface for producing steam. The preheated feed
from the convection zone is fed at 24 to the heating coil generally

15 designated 26 located in the radiant heating zone 14. The cracked
product from the heating coil 26 exits at 30.

The radiant heating zone 14 comprises walls designated 34
and 36 and the ﬂqor_or\ hearth 42. Mounted on the floor are the
vertically firing heartﬁ burners generally designated 46. These

20 burners 46 usually comprise a burner tile 47 through which all of the
combustion air is introduced vertically and a series of fuel tips 48
which are also directed into the airstream. The fuel tips 48 are
outside of the burner tile 47 for firing secondary fuel but additional
fuel tips are located inside of the burner tile, as will be described

25 later, for firing primary fuel. Because of the slow diffusion mixing of
the secondary fuel into the combustion zone, referred to as staged
firing, the flame reaches its maximum temperature probably half way
up the furnace height. In addition to the hearth burners, the wall
burners 49 may be included. These are radiant-type burners designed

30 to produce flat flame patterns which are spread across the walls to

avoid flame impingement on the coil tubes.
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which are also directed into the airstream The fuel tips 48 are outside
of the burner tile 47 for firing secondary fuel but additional fuel tips
are | ocatwo oeneisse of the burner tile, as will be describedTaBot/sdser, for
firing primary fuel. Because of the slow diffusion mxing of the secondary
fuel into the conmbustion zone, referred to as staged firing, the flame
reaches its maxi numtenperature probably half way up the furnace height.
In addition to the figuiet B illatrates theréowanattenpsringids We FraAFkIG herlielided.

These are radi.ant 8@%55@% Lﬁ’eer |eg§t%it gnﬁgerB 'é’t”?‘fé;:?%ﬂ?épﬁefga%%'gn%‘?%&t erns

whi ch are sprdadic avo npi ngenent on the coi l

tubes. 4 WO 0244i@08982 MGHEMNSOHtIRRRR froOtHeebdrridrs wahrad ese wallsl Wwihite

patterns inside the cracking heater indicating that the hearth burner
pl umes gener ateedawdulibftealoogtée coalet peocass ¢aila éP. inHEe gartes sligenathe

burners rup up,the walls I | a downdraft, along t 00 r. coils
26 in the genttefr\%‘btlt??‘saa%w} egﬁé)a}?g(t x‘tﬁg%@ﬁdw@é} g b[grg:\’('%?’n{c’g&‘taﬁég%ﬁragers.
Driving forces;ijRcletsigry Riahjets! ashitratdddurhet sir bftbahisr ahadbboyarety.ai r
streans and buoyancy. This {WI n vortex pattern is well organized and

ef ficient, beckhisawahlvootex pattetmetsr wiell mugarized amdkefifisiersnbecausaall fafr e
essentially vertically with no horizontal cppoponent a I nteractiop. This
causes the’ i ndhgi kAN PG‘”PJ?IFn‘é‘P”bI"hﬁQQC?G ‘?ﬂépgg Fﬁf?/mt’é]g'e&ewctaﬂy with
recircul ated gas roBhid B oiibdtent 8 TEPSCAdIE DARL Catkst aRbsRORMAGS
I nsensitive to varrations 1n the output o? I ndi vi dual burners. Figure 3 is
a horizontjgl w@pser pRAMESO bl tapidily omedpoithirenirodlatehgahdtdmdheadiisr ebox
showi ng a prior art zoned-firing burner layout in 15 which sone of the
burners are nonthmakestthehasie swsiere semavdha REERsitive 1R VAT atons igdhsut

burners. Three separate,cojls,50, 52 and 54 are shown in cross section in
this hai f of (HEPEE CLHRYVIHYAL bEfeBubes 56

Figure 3 is a horizontal cross section of the lower portion of

one half of a firebox showing a prior art zoned-firing burner layout in

15  which some of the burners are normal heat output burners and others

are high heat output burners. Three separate coils 50, 52 and 54 are

shown in cross section in this half of the firebox with the tubes 56

being the small inlet tubes, the tubes 58 beihg the large outlet tubes

and the tubes 60 being -the intermediate sized tubes between the

20 inlet and outlet tubes. In this layout, in an attempt to heat the inlet

tubes 56 more than the outlet tubes 58, the hearth burners 62

adjacent to the outlet tubes 58 are normal heat liberation burners

with a normal firing rate while the burners 64 adjacent to the inlet
tubes 56 are high_heat liberation burners with a higher firing rate.

25 Figure 4A is a cross section of one of the burners 62 or 64 of

Figure 3 while Figure 4B is a face view of the burner taken from the

right of Figure 4A. The burner combrises the ceramic burner tile 47,

secondary fuel tips 48 outside of burner tile 47 and the primary fuel

tips 66 inside of the tile. The fuel tips comprise hollow spheres

30 attached to fuel supply conduits with the fuel nozzle comprising a

hole drilled or otherwise formed at the appropriate angle through the
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being the small inlet tubes, the tubes 58 being the large outlet tubes and
the tubes 60 being -the internedi ate sized tubes between the 20 inlet and
outlet tuwe210098this |ayout, in an attenpt to heat the i RCEUSIY/ 14366 56
nore than the outlet tubes 58, the hearth burners 62 adjacent to the

outl et tubes 58 ar | i beration bur th nor mal rin
rate while thé("ﬂﬁpﬁé'? gﬁe%f’dj 2‘&?1'?0‘?'8 'PHd9Y"§Pe Q’B I%gglr'én?{y Wel hea’?
l'iberation burpgréeeVirtikdit@hel f.ﬂervmlchn{: Q}s .%a.datwrbey e bEoNLBISS
section of one of the burners 62 or 64 of Figure 3 while Figure 4B is a

face view of fiihe bacoedaryakesl fippm8 hae dlrghtedofvemcgﬂjlryelmAheTh@nl@uplﬁer
conprises the cera bur ner 47 seqgr ary fuel ps 48, qut si de of
burner tile 4%'%&%%@%?'?%?);’%% ATPINS g ULV ER %?OTHQnFPF OWRRS f uel
tips COWPfssetHQ'WQNVs&PQEF%VSH tﬁﬁﬁ&@%v&mé 8 lthe YWBhy cﬁomgwé aAWItéh the
fuel nozzle conprising a hole drilled or otherwse fornmed at the
appropriate arfglee the oflghet imo the\ DR/ 1'0@@8@0[?@11@8&2#\4&36%19 wadll isf the
sphere. As shown in Flgures 4A and 4B, 855“ mafy fuel . tips, 66 are

directed and Preferatly: frem 2 deoress; E"aﬂ@d rgaie ’SFT} FREtIER: hegdlondary
el o 2o MEBldre Bt oLhel ot bbb NRaR, BIP Rt @f%@n 4RrAgrshown by

the arrows 49 onent towar he vvaII as shown by the

arrow 49 in the fadfrorafa Ee@uireeiéddation upevardstthe ditfarendeniscsrhale wal | The

inclination toward the wall is preferably from 12 degrees . to 16 degrees

}‘ rgm vertil@al . Highn h@fﬁl@f tpl wereaseoth b liemeesatspr cantwiteffisiencynah thew heat
i beration burner

difference is zgﬁﬁan'r"'i% CIOHCSP @lsrql ﬁrﬁ{:reglsg'qﬁga:% Ieﬁr’pp%g’lp%\@é;ngslggg fig
efficiency of éohu%lesz‘aBF‘a@'eH Higk HeRRGiBRFatish bulnkstriat®®airs. FlTﬁﬁrr%@nalt he
present invention couples adjacent high heat l|iberation burners into
pairs. The nortmealt libeeation benersi @2 apeiunehsnged arlheutavieaitded thisheaitedrout f or
this paired- burner, zoned firing system is shown in Figures 5. This firebox
15 contains the same arrangement of coils 50, 52 and 54 and tubes 56,
58 and 60 as in Figure 3. It also contains the same type of normal
heat liberation hearth burners 62 with these burners being adjacent to
and in line with the portions of the coils containing the outlet tubes
58. In order to facilitate this placement of the normal heat liberation
20 burners, the outlet tubes on one coil, such as coil 50, are located
adjacent to the outlet tubes on the adjacent coil, such as coil 52. ‘
in the present invention, the high heat liberation burners 68
differ from the high heat liberation burners 64 of Figure 3. The intent
is to generate a temperature field that is segregated into hot and cool
25  zones aligned with the specific sections of the process coils. This is
achieved by including lateral components to the burner tips of these
paired burners to merge the flames between the paired burners and
track the flames up the wall. This lateral component is preferably
from 16 degrees to 36 aegrees from vertical. The cold air streams

30 emerging from a pair of these burners are then diverted laterally

outward toward the burners 62 and aligned with the outlet tubes 58.
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burner, zoned firing systemis shown in Figures 5. This firebox 15 contains
the sanme arrangenent of coils 50, 52 and 54 and tubes 56, 58 and 60 as in
Fi gure 3.wbto2ab®e2 contai ns the sane type of normal heat Ipidrarsat/iigsso heart h
burners 62 with these burners being adjacent to and in line with the
portions of the coils containing the outlet tubes 58. In order to
facilitate this placenent of the normal heat |iberation 20 burners, the
outl et tubes @&s oseencanl F:gwehSasandoielveEO mairee dlmm dd Faglyrac@RB, tthet he

outl et tubes on the adj acent coil, such_as coil n the present
i nvention, th&eRPEHAamette! tinser At9fopatuPhihe high r\?laff"éle’?tf%?rgt’ﬁée’ﬁl 8% heat

| i beration bura?grﬁclﬁ\%doifro#\' er%lca-lrgmegﬂoé;{ﬂﬁg%tloﬁ %fttﬂegﬁnﬁ{&&q“ghthe%g?er ature

field that is segreg atedln ot an zones al | nedW|

speci fic sect lhbesatw‘n bhmacvécm}eas indicased bii thel srroash? 8y ethisyintraciudds ng
| at eral conponents to the burner tips of these paired burners to nerge the
fl ames bet feerhe Hatgral camprngidr to ahe flemesk frope theahigh hsat che\mtlpn Thi s

| at eral conponent is efer Y, 1 ree o] S,

vertical. The bé’é'ﬂ%fs S'Pngeglpr% féﬂ%ggrg%rog?ﬂg rom§2£p%$r?] g‘?g{l%is ur ners are
then diverted drateasiy! still 9idé WadrflcalByas GHIVen By fies Ssredvan al Tigndgbwi th the
outlet tubes 58. 6 WD 02/100982 PCT/US02/18850 As seen in Figure 5 and

even nore cl eaaalt'gernmanthﬁlamesfrctrhethesmtttm@ausylllﬂsieateﬂllpscngreoT' each of the
hi gh heat |iberati ertic

_ _ 8 E‘ P e E’I 2} 8 in.the
direction of the adfd®tnh ”deﬂoﬂ&af € FP §faﬁqsoﬁr%ﬂpﬁ as"%% t§R9PALY d8t ed by
the arrowgo73.; ﬂ'ﬂréuh@ttroQ\Fj%’rﬁeﬁ'neBcBhearJdabﬁé@ddWﬁrﬁgnﬁ{E flb8r i3kl anga from

the high heat ['Iberation urners causing the flames to nerge. The primary
fuel tips 70 theqslam@sl gersdratdd by rtbevmitedchaighyhest drevatiohburhersar Thes 71.
The flow pattern of the flames fromthe burners is illustrated |n F| gure
7. In this fiMhattemplgere fagned|yethegoalascinghrf 1ae staged RiLRey tipg 7

of adjacent high heat liberation burners results in increased heat flux
to the first, inlet passes of the coils. These hotter plumes reach
15  higher in the firebox before rolling back around. This puts more high
temperature gas against the inlet passes of the coils for a longer
period of time and reduces the high temperature gas against the
outlet passes. This is illustrated in Figures 8A and 8B which compare
the radiation intensity of conventional zone firing in Figure 8A and
20 paired burner zone firing in Figure 8B. For the purposes of clarity,
only the inlet tubes 56 are shown in these two drawings. It can be
seen that the overall radiation levels have increased in the areas of
the inlet tubes and decreased in the areas of the outlet tubes for the
present invention illustrated in Figure 8B as compared to the prior art
25 in Figure 8A. At the same time, the colder plumes tend to flow out
toward the center and enter the coil downflow zones near the outlet
passes of the coil. A similar comparison of the temperature
distribution across the unit at various levels also indicates a rather
uniform distribution for the prior art whereas the temperatures for the
30 present invention are significantly higher in the areas of the inlet coils

than in the areas of the outlet coils. Figure 9 is a chart showing the
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10 roll around toward the coil and back down to the floor sooner than the
pl umes generated by the paired high heat |iberation burners. The hotter
pl unme forwed2bgoshe coal esci ng of the staged burner tips PRT/Ush2/sssp@cent

hi gh heat |iberation burners results in increased heat flux to the first,
inlet passes of the coils. These hotter plunes reach 15 higher in the

agai net the | HPED phabecgr Bt duies PUFNS! PUAGEF™oBer ot BTt An
reduces the highny&uPesas Wik géﬁaﬁﬁé’m@ﬁi f6hehe QdFibab 1RBES T thFBé Tdils
illustrated in Figures 8A an npare the radiation intensity of

conventi onal zZonend ilvalihgfian sk goil eurA almdcam beaseen that nbe firstepddsesng in

Figure 8B. For the purposes of clarlt n the nIe tubes 56 are shown
in these two cﬁ%ﬁ’ﬂ@ﬁg ipfetdtyRep el t%egenzl ﬁ&tﬁg %36 RAYGLLVE 63l%vel s

have | ncr e3sednbfl hBgt MFESMUre il thuhs&r%s%g%&ﬁﬁﬁgn Njgeg areas
of the out es ror the pres invention IlTustrated in Figure 8B as
conpared to the) abi 08 aid 35 to M Filgwveerctiicedt hedteflare® (2i 185 Kelks) @adder
plunes tend to flow out, toward the center and enter the coil downfl ow

zones near theveuld expengpcedewsr Raak m6tal teRaraiyres- conpari son of the
tenperature distrif széljag C{h% IIB HY e %ﬁeﬁ’ea[wb%ﬁ Je‘assgq{eﬁ] 13l iRQrd 2l cat es

a rather uni form 1on e pri ar erea e tenperatures

for the 30 pr Qﬁ@névérla}{%ﬂlelr@@e alru& fd ﬂﬁﬁb’aﬁaﬂtiQﬁehflghEboll Bindweties ¢k Bf the

inlet coils than in the areas of the outlet coils. Figure 9 is a chart

showi ng t H& revt@cecz/tmmmmqmmﬁmgc'rrgathez)fwhrtgnenqi|ra§%uwag tHepai r ed

burner arrangenent to Lhe flux of a ndard zone firin g ‘ﬂ}ﬁ genent for
&3¢ oYY ©

the various t greta tggwpce(g?'q\geslr}prgwg hapxregienged; ip °I¥- can be
seen that the éwg)ﬁ%m?q? Ezééd Nflusk Nlagih T4HRE S ond Onhxidlint OniRaRnd 29

to 36 have over 3 qu More I nportantly, the |ater passes
conpri si ng tubesnperatures, elther conversion or capacity or both can be increased.

Thus the overall expected increase in capacity or heat input from the
15 invention is the sum of the relative flux differences or over 5% when

operated at the same maximum metal temperature.



10 to 19 and 37 to 42 have reduced heat fluxes (2 -3%less) and would
experience | ower peak netal tenperatures. In practice, this allows the

et hyl ene Weakanosdesi gner to increase the overall average PCirwsot/mssshe
paired zone fired coil since the flux is 10 reduced to the outlet coils

t hus reducing the fouling and reducing the peak netal tenperatures

nom nal |y experienced in the outlet coils. By allowng for increased flux
with the sane maxi mum netal tenperatures, either conversion or capacity or
both can be i mGlamas:ed. Thus the overall expected increase in capacity or
heat input fromthe 15 inventjon is_the sum of the re#%tyive fl ux

differences orl-overASR¥RRNEHS bBpRieat B dbet ARNYESIO e AXArRgeRons to

t enper at ur e. %lmsogé}%(pl% .PCT/ US02/ 18850 Clains: 1. A pyrolysis heater
for the conversion oOf hydroCarbons to olefins conprising: a. a radiant

heating zone; 5 b. @ pl W Aldiant Béatirepkomg coils each having inlet passes
and outlet passes arrayed in a line in said radi ant heating zone with the
inlet pasBes of edbh cdl Plusalitygohbpaiirgicolls qagh havirgtinigisses of an

adj acent coil and with the 1geaﬁltétil) q?tp@%%ggéa?faﬁglcm g%%} iReing adj acent to

the outl et passes of an paa}ﬁsg COi urality of hearth burners

spaced from each other g@li@nghdrant MHeabiagalzofk tWtlanthe sprged fromsaid |ine
of coils, said hearth 15 burners conprising burners of a first firing rate
and burners of a second pasgRerof ieaechgcoil being adjacent to the ~

inlet passes of an adjacent coil and with the
10 outlet passes of each coil being adjacent to
the outlet passes of an adjacent coil; and
c. a plurality of hearth burners spaced from
each other along a line parallel to and
spaced from said line of coils, said hearth
15 burners comprising burners of a first firing
rate and burners of a second higher firing
rate,
said burners of a first firing rate being aligned with said outlet
passes of said coils and said burners of a second higher firing rate
20 being aligned with said inlet passes of said coils,
said burners of a second higher firing rate being arranged in
spaced adjacent pairs and .‘each comprising fuel nozzles directed
upwardly and inclined at an angle toward said adjacent burner of said
pair.
25
2. A pyrolysis heater as recited in claim 1 wherein said burners of
said first
and second firing rates are located adjacent to a heater wall and

wherein each comprises primary and secondary fuel nozzles and



rate, said burners of a first firing rate being aligned with said outl et
passes of said coils and said burners of a second higher firing rate 20
bei ng al iwoad/10498h said i nl et passes of said coils, said Parnsoyissto a

second hi gher

firing rate being arranged in spaced adjacent pairs and each

conprising fuel nozzles directed upwardly and inclined at an angle toward

sai d adj acent
clai m1 wherei

WHERER Qfid SREIndBY fuel Foz2ledhaRY iiliivetiSat 8A &igla@soh@sidt ed in

n sald burners of " said first and second firing rates are

| ocat ed adj acesdid tvoala heater wall and wherein each conprises primry and

secondary fuel
secondary fuel

nozzles and 9 WO 02/100982 PCT/ US02/18850 wherein said
nozzles are inclined at an angle toward said wall. 3. A

pyrolysis heatgr fg)éi ggfoug&e%a{é?n 161 ﬂggédrc%%mgﬁ bp ?&%&ksfsm to

conprising: a.
havi ng i nl et

ar eating zone, b. a plurality o eating colls each
qlefisesoangisngl et passes arrayed in a line in said radi ant

heating zone with the inlet 10 passes of at |east some of said coils being
adj acent to the inl®t padsadiapt hgAlRGZ968nt coil and with the outlet

passes of at |east one,, Qf ' iLs-hel ' it h tlet
o 10" nep Ha o eSO Senaphg e ool o passes

of an adjacent coil; an
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ty of urners spaced from
passes and outlet passes arrayed in a line in

said radiant heating zone with the inlet
passes of at least some of said coils being
adjacent to the inlet passes of an adjacent
coil and with the outlet basses of at least
some of said coils being adjacent to the
outlet passes of an adjacent coil; and
c. a plurality of hearth burners spaced from
each other along a line parallel to and
spaced from said line of coils, said hearth
burners comprising first hearth burners
aligned with said outlet passes of said coils
and second hearth burners aligned with said
inlet passes of said coils,
said first hearth burners each comprising fuel nozzles directed
upwardly and said second hfaarth burners being arranged in spaced
adjacent pairs and-each' comprising fuel nozzles directed upwardly
and inclined at an angle toward said adjacent second hearth burner of

said pair.
4, A pyrolysis heater as recited in claim 3 wherein said first

hearth burners have a lower firing rate than said second hearth

burners.

10



each other along a line parallel to and spaced fromsaid |[ine of coils,
said hearth burners conprising first hearth burners aligned with said
out | et pawear/afssai d coils 20 and second hearth burners a@icirgrsezi18sse h sai d
inlet passes of said coils, said first hearth burners each conprising fuel
nozzl es directed upvErdlysisiRgatedi b sS@adirnerirh3 bvhessis daed Migseananged in
spaced adjacent pairs and each, conprising fuel nozzles directed upwardly
25 and incli neﬂecandaheaﬁbl éuvmmr@reséncwta@] a@léﬂ@ntsé@oﬁdhﬁ@'@ftWaﬂiuﬁnér of
said pair. Ahgﬁgo sis, heater as .recited in here p said first
hearth bur ners M PAHWBEE FHFPHESS F’t’ﬁ‘é\ﬁ'ysai‘ﬁ % °c°6‘r‘i’& ‘heé{F fozzlgs

burners. 10 VQHRRARERE? JAid /4420404880l hozNeRY bR YSEI R Ak Chn a§n§|%C' ted
in claim3 wherein said first and second hearth burners are | ocated

adj acent t6 a thwardrsajghaland wherein each burner conprises primry and
secondary fuel nozzles and wherein said secondary fuel nozzles are
inclined at an angle 5 toward said wall. 11
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