ADJUSTABLE BURNERS FOR HEATERS CROSS- REFERENCE TO RELATED APPLI CATI ON
[0001] This application clainms priority from Provisional Application Serial
No. 61/ 168020B/firtsed March 31, 2009, the contents of whipch/ise@ooereby
incorporated by reference in its entirety. FIELD OF THE | NVENTI ON [ 0002]
The disclosure relates to fired heaters or furnaces for use in industry
such as oil refineries and petrochem cal plants. Mre particularly, it
relates to fired heaters used in such furnaces, wth adjustable burners.

DESCRI PTI ON OF RELATED ART 3]..Eired he rs_or furnaces used in

i ndustrial processes suchAgb%gﬁmﬁlz?wﬁ?géggﬂég%glf%chem cal plants may
be arbor or w cket type, U-tube, single or double I-coil, Wcoil, Ycoil,
vertical cylindrical, vertical cylindrical with cross-tube convection,

vertical tube box heater, horizontal cabin serpentine or the I|ike.
[ 0004] Each of these h§§p§§%ﬁf§gﬁﬁi&ﬁt§ﬁ%\ﬁg%‘?ﬁ%§ﬁpﬁ9§t carries a
process stream such as hydrogen and/or hydrocarbons, inert gas or other
process fl [0001]i nciThidiapdicaiinrokdifne pri&al Fidm Pridasibidl appikadoh saRNNot 0 t he

channel_ is east e burner that produyces a flane or flanes, which heat
t he cha?nne?f}gééﬂ]@%éﬂﬁ’gﬁéﬁcgg#%f)%é%e %?“FBBHPEWFICHé&tl}eﬁﬁyé‘tff)fp&&aé"‘df r"e%g&f‘? ng the
process st paamhirtRe process streamis heated to raise the tenperature of
the stream for further processing downstreamor to pronote chem cal or

thermal reactions in the channﬁéi é&%gﬁ] &%ﬁ@j{) nes are subject to
novenent caused by internal fl -Ba ¥ A @ due to unequal firing
between different heater cells or the thermal gradients due to the process
stream t enf9802it ur Ehdditd @nentla@b ® firnd haeert hrefumhan fi@luse inlhéustry arvags aile al so

subject to _environpental condjtions such as w nd which causes the flanes to
et o BUDGIRAH BHECHTeLeBh SPrerie TR (b Rl ORaR G Rsira
condi tioonsfuad8&, pithdgja@atileibendial box currents. For exanple, wind or air
currents may blow the flanes such that the flames nove of f center and,

t herefore, disproportionall i.0 channel . [ 0006] This

di spropoi tional heating myﬁ%ﬁ@%ﬁM%Aﬁff er from decreased
performance. In particular, flane inpingenent directly on the tube surface
can cause 003Ing Huel Heatetsar Alrnaegudee at indgpiridbpohesssisueigasmayil redingent he heat

e o e R
i ncr eased ctilamadal cdindasdl orrticekgisdioabwitls eroftubd doadectiug| vertionl tehedioxan
15 heater, horizontal tube cabin , serpentine or the like.
[0004] Each of these heaters has at least one channel that carries a process stream such as
hydrogen and/or hydrocarbons, inert gas or other process fluid including entrained solids.
Positioned adjacent to the channel is at least one burner that produces a flame or flames,
which heat the channel. The channel provides a radiant heating surface for heating the
20  process stream. The process stream is heated to raise the temperature of the stream for
further processing downstream or to promote chemical or thermal reactions in the channels.
[0005] The flames are subject to movement caused by internal flue-gas box currents due
to unequal firing between different heater cells or the thermal gradients due to the process
stream temperature differentials inside the channels. The flames are also subject to
25 environmental conditions such as wind which causes the flames to “lean” more toward one
direction or side than the other. Environmental conditions also produce internal box currents.

For example, wind or air currents may blow the flames such that the flames move off center

and, therefore, disproportionally heat one portion of the channel.



unpl anned shutdown from channel failure. Channel failure can result in an
undesirabl e rel ease of process fluids into the environnment. This | oss of
process cwotaiowwterst can result in fires and expl osi ons. PCharseoo®2eomneed f or
a fired heater that allows for easy adjustnment of the heat source or flane
relative to the channels to account for unpredictable internal flue gas box
currents and environnental conditions. SUVMARY OF THE | NVENTI ON [ 0007] This
di scl osure applies to heaters for industrial processes, for exanple, fired

heaters. In one version, the disclosure provides a fired heater for
i ndust ri al [49P¢)cesEhis dispinppitienah geating F@%EUSBH@ PEgsaTHriR Puttea FiP g dsgreaser ocess

stream Th?_e rfranne! ih@si@tar] eaRtimpMeerhs @Irectt@romtmhbeaéﬂ@a@tcah gaRt cgy out | et
termnal. The fired heater al so conprises at | east one burner producing a

flame for HedPilosglizeAacdnanfugh colring may redugethe ens tesieidhrongh thowbeglired to be
adj ust abl e, beiemn c%kﬁg g/%th%é%hé éh%ne@r&qus%r%ha% H}%ﬁa 1@9%5&& %hng}@fae' ng

the position of the bu ges the position of the flane relative to
the waldl s, thelcbanelogaushiapmesed dirdnd Ichiwawsonacxsseivetuoe efdgodifvel, Pogveeavi r onnent al

condi ti ons r?d“aﬁlm&l #1%(% %‘:H&% efra Iteh'cﬁ&aﬁ&?f pﬁx%tc% {eﬁh{“ﬂ%nl%%ggdé{g for more

uni f or m he# ng o anne process streamtherein

di scl osur ere&lasmafmmwsscfmdsantb |theeadv1hmmteer Thmdmloﬁpmgesaccmtﬁamn@it cmanemyu 1ng at

| east one strea ea n ast one
wai T, The DS ERTRGlosPRY bl s AOGTRLFE 0 AT HFRuSe P SRT-BUTmEN ohBEht  no
surface. Thﬁthﬁ&keﬁﬂahsﬁmnﬂﬁpfmsasmaﬂchanbﬁmtﬁnhﬂnﬂh@ﬂdéemﬁmﬂﬁnegﬂnnmt|ng
surface and an adéustable The burner conprises at |east one fue

hur n
pi pe im coffirAiS&at PO ORPEH L f%ﬂgt one fuel source. The burner is

configured to produce a flarre froman end of the fuel pipe. The adjustable
burner may be adjacent the chENDEARYDETHEANFENAIGN conprises at | east one
burner adjustnent nmechani smconprising at | east one rotatable turntable

coupl ed togﬁbﬂl ea’ﬁhs ?gwyﬁpﬁig%gége{t&g%%’ma%gtrllafﬁ%ess%gef%rcegigfﬁgfé gd at | east

one rot atabl e 'suppor one connec to the
turnt abl e bmacrt lheor&tvefsemsﬁle diselosuot proaidesen Buap pmtetr for‘ﬁh@natal preafsﬁesone

rotatabl e gOu- l'lgr : apﬁé{st one C aHne?d tycl)rig:_laepelO(ifSS Sq ]61I ?g%t%anneq hasgﬁ}l!%% C%tE ast one

turntable a juspg € position o arner | PTI ON
OF THHS5DRAMINGS ah0a018]st bleGutlktAeingna Th@ﬁilﬂed Yeaear abb campréses atdénsocﬁnea)uhﬁ:at er
havi ng at an an adj ust abl e. bur with the

adj ust abl eprﬂgqcﬁfgrfant? arfﬁgﬁefa#g&) 61?) ‘%]ehﬁe Ay lgRsY pje Heprer s cniigr tf’ |b8nt vi ew of
the versi Owjlﬁfabld’lﬁtvh’%ﬁhﬁhéutﬁﬂ owditidnriné hfcadjhsedpdsitioh. NEh Qs ttheOFdsiBibn bhe
adj ust abl ebu?ggrgggnggg tlhe posmon of the flame relative to the walls, floor or channel and allows a
user to account for environmental conditions and flue gas currents within the heater, thus
20  providing for more uniform heating of the channel and process stream therein.
[0008] The disclosure also provides a fired heater comprising a channel carrying at least
one stream of material. The heater comprises a base and at least one wall. The base and at
least one wall provide at least one burner mounting surface. The heater also comprises a
chamber within at least one mounting surface and an adjustable burner. The burner
25 comprises at least one fuel pipe in communication with at least one fuel source. The burner is
configured to produce a flame from an end of the fuel pipe. The adjustable burner may be
adjacent the channel. The heater also comprises at least one burner adjustment mechanism
comprising at least one rotatable turntable coupled to at least one mounting surface, at least

one connector, at least one rotatable support. The at least one connector may be coupled to

30 the turntable and the at least one rotatable support. The at least one rotatable support may be



[0011] FIG 1Cis a side view of the version of the heater shown in FIGS.
A and 1B, having a plurality of adjustable burners with two burners in the
adj ust ed wo=pto/an7sand ar bortype channel s renoved for cl &Cirtus201p022) Fl G
IDis a top plan view of the heater shown in FIG 1C but with all

adj ustabl e burners in the neutral position. [0013] FIG 2Ais a front view
of another version of a heater having at |east three adjustable burners and
at least three arbor-type channels, with the adjustable burners in the
neutral position. [0014] FIG 2B is a front view of the heater shown in
FIG 2A wi fPlerdo b bpimer Kejiavop gbihs ablgashare tP’r‘i‘tztbf'Feadﬁ@ﬁtﬂi‘ed?o%‘Sng &n and the
first and hidighieadipst abl e burners in an adjusted position. [0015] FIG 3A
is a front view of another version of a heater having three adjustable
burners and at | east one Wcoil -t hannel ., with the adjustable burners
in the neutral position. FRIGTHE T@PETéiEfPBﬁW%% of the heater shown
in FIG 3A with the adjustable burners in an adjusted position. [0017] FIG

4A is a frmobvi em®@fii AdnetBeTvidessd @isi6 ofa Hagdt iefinaviead ohdhirbe-@pd ust abl e
burners and at |east one Double-I-coil -té%e channpel, with the adjustable
N

burner 8 i nhaAee! ARt AUSBISI S, Withgba uskPs bugst ingthé; fifs} BRYHIODT ew of t he
heat er showg1n Fisﬁ 184 Wbt vidkeoaeld Wsdiabbandbtafe sifovinin #0G.adl Witk ad
position. [0019] 5A is a lop plan view of another version of a heater

havi ng a pPQﬁFté)lnlolfihe@fiJuétﬁ'd@vh‘l‘lmf aBitsled adj ustable burners and a plurality

of U-coil- Chﬁﬂmbﬁga%é Biet e rRAEMRh 3Pl HBMEBERn EJFIEISEI/Q%H [l
position.| 0 FIG 5B is a front view of one end wall and Ucml-type

channel of hﬂt\’m Fdenkly of pdwablburpess wBIAtw] pEeery inphqadjsEdipssiton ¢)d asban vi ew
of thg AW th the adjustable burners in an adjusted
o PROSB MR e,

posi t| on pl an vi ew of another version of a heater
havi ng a pl0gizll i t YlGoflDagjp toptpddnl \ee\fmifthehcsatemhbval iplHliG alG by wath all adjustable

e Pt GBI PR SJARgb. 1 the, ) ustable burners in the neuts o
shown i n HOGLI3J6A. FIDQ2A44 a kb viCofl mothet Gysi@l &ra hentemhayingtahlattdateer shown in
FIG 6A w tcp us?tble bu?‘nsegs dngnFleast three arbor-type channels, with the adjustable burners in the
15 neutral position.
[0014] FIG. 2B is a front view of the heater shown in FIG. 2A with the second adjustable
burner in the neutral position and the first and third adjustable burners in an adjusted position.
[0015] FIG. 3A is a front view of another version of a heater having three adjustable
burners and at least one W-coil-type channel, with the adjustable burners in the neutral
20  position.
[0016] FIG. 3B is a front view of the heater shown in FIG. 3A with the adjustable burners
in an adjusted position.
[0017]  FIG. 4A is a front view of another version of a heater having three adjustable
burners and at least one Double-I-coil-type channel, with the adjustable burners in the neutral
25 position.
[0018] FIG. 4B is a front view of the heater shown in FIG. 4A with the adjustable burners
in an adjusted position.
[0019] FIG. 5A is a top plan view of another version of a heater having a plurality of end-

wall-mounted adjustable burners and a plurality of U-coil-type channels, with the adjustable

30 burners in the neutral position.



the adjustable burners in an adjusted position. [0025] FIG 6D is a top

pl an view of the heater shown in FIG 6A with the adjustable burners
renoved fwo 20i0arirtsy and showi ng at | east one current. [@0ZAJS2HL@2926A is a
top plan view of another version of a heater having a plurality of

adj ustabl e burners and at |east two horizontally-extending channels, with
the adjustable burners in the neutral position. [0027] FIG 7B is a top

pl an vi ew of the heater shovvn in FIG 7A with at |east sone of the

adj ustabl e _burners_in an adjusted_ position. c{:(8028] FIG 7Cis a front plan
view of t hE%Rht eFl&REH2 iﬁﬁmF‘P‘EY ofzone epdyold pncF ol gyps chipaekof &aerfte?fa{ cut away
section of S@\,anﬁr;rﬁg%AhaV| ng a fired burner including another version of at
| east one adj usti n? means. DETAI LED DESCRI PTI ON [fggsﬁgﬁlg FI GS. 1A-7B show
vari ous veE@JiZb]ns 51G.RE4s &t pl@ vigw gf thohgiter shayn i gith gegdjupgile ver si on
of a heat eBmHPlerpﬁddﬂR egﬁgggﬁgnr_\ a furnace 10; one exanple of which is shown
in FIGS. 1A and IB. A furnace 10 generally conprises a stack 12, refractory
wal |'s 14, H0B3kse PIG. tdomeemtilanviewil solr vasion effa ice@shavarge Healigrof 18, f or

exanpl e, danper
(not shovvnw%‘(hh]gt I%Wn%?%é\gzarp]#ah }Qg 65%19%\/\}2 %&p%\r}?& égmgl r {d&%@ﬁ% bur ners,
which is dblsrombet&ieb@itmvmos[tﬁﬁ?,l] In each versi on the heaters 18, 118, 218,
318, 418, 6 se at and at

adj ust abl efnrl?g?]nerglcﬁ/&gp a8 g?rSPCS?Ve Vlew 8€%nse§)%gi ﬁ%thIn%Shot r%ugj(?ﬁ6 e at |east
one channe[(lozzl]he Ercmcéehsa&tprlﬂ@mlmyfmabéawﬂeh@ﬁi ind8G. dA gith dsleasgamesofor

m xt ur articul rocess stream may include hydrogen,

| i ght dr &t%t l%‘le ‘Eﬁﬁs “b%?s%!”isﬁéposd Pht ha, kerosene, distillate oil, or

ot her 1iquj(dgs] gasEs 6Dris & edp gl viéWOBEE hddie sBaljiistRad] @ hith ieradfuetablour ner s)
conmbusts fuel with an_oxjdizer to produce a flanme having a body and a tip,
as i s knowA"§S f9ROVEY for crRly %ﬂﬁ%‘nwe%@l\?lcl’“ﬁ%l |y any burner including a

| ow NOx burgegs), f o1G.enaERk® plaEed bAIBHERYerfiaY 6 DhetldPBdvaidtd @hihtylopund
crosssection or may have anot her shape such as a substantially square or

rect angul afdigsableshugresy 1t logi sy e herentabyeepnding dharngls withfejadyabiei al
procesg sugingsid fle Rdural Rfsi3Rr | €s and petrochem cal plants and where the
burner is located in a bottomfired heater, the flane ma%/ extend up to
one-third {028ne- R&F f7Bd$at%’é)19f*ilé41?j’hPf ¢ heatrs SHqwnelB G¥G- 7PnvEh Rdagserongesdi gn

usual I'y ”é‘a@%bﬂ&tﬁﬁe% ? o A8 XL ERSH ng upward 50 feet fromthe base.
[ 0033] As shova/n I'n I gurejs’[E ﬁe adj ust abl e burners may be placed in
many di f f el00R8] FIG 7C is a front plan view of the heater shown in FIG. 7A.

[0029] FIG. 8 shows a partial cutaway section of a furnace having a fired burner

20 including another version of at least one adjusting means.
DETAILED DESCRIPTION

[0030] FIGS. 1A-7B show various versions of heaters 18, 118, 218, 318, 418, 518, 618.
Any version of a heater may be included in a furnace 10; one example of which is shown in
FIGS. 1A and 1B. A furnace 10 generally comprises a stack 12, refractory walls 14, a base
25 22, convection coils 16, and at least one heater 18, for example, within the walls 14. The
furnace 10 may also comprise a damper (not shown) and air blower (not shown) which
provides air to the burners, which is described below.
[0031] In each version, the heaters 18, 118, 218, 318, 418, 518, 618 comprise at least one
channel and at least one adjustable burner. Materials of a process stream flow through the at

30  least one channel. The process stream may include solids, liquids, gases or mixtures thereof.



| ocations within the heater or furnace. In particular, the burners may be
pl aced along a base or along a refractory wall. Each of these burner

| ocat i onswoayioba71sef erred to generally, as a nounting secfraseoiolomo2eadi ti on,
t he adjustable burners nmay be used with many different types of heaters.
[0034] Further, in each version, the burners are adjustable and, therefore,
conprise neans for quickly and easily adjusting their position when online
or in use. Such neans may be nmanual or automated and are described in nore
detail below. As provided bel ow, the adjustable burners be adjusted to
account f ot A Beors Hiramgaydt eldu e fighridscatien. WCi sieditial {1 ue
gas box CUB&%&ESM%&Qm?GMhHQ@G?Qﬁ6&mﬂﬁgﬂktz@&ﬁn%&ﬁﬁ as wind, and the Iike.
[0035] FIGS. 1A 1D show one version o eater 18. The heater 18 conpri ses
at | east oH¥W3Zhaniés adiwiabiechuster (@RymersheorpliisiidecAbiie aparidizer [3prodypgea

adj ust abl elex’ﬂE Hﬁrmggazbdd§ ah®2 h% aQ I&%OQH it ﬂﬂ@ alftI @95 blﬂﬁer %e %g'tugfly b uhl?e@t er 18

and fires substantially, vertically-upward a configuration is often
referreéd tochding afov Nombhiner, iy esringnt dhd fesme mh)ehﬁhaﬁmi@tanlz@lwsursiMVm as an

arbor coil (§§§rg§t J }%Xg%‘?he}&c?g%kh%%%%%{%){mal gssaﬁ’atl ﬂa&%{gﬁfa? 6L Qca5 2

wi cket - fir e provi ove Rer 32 may be
used w th ®Heerthe¢ lyqaam 1safsed1manenrcmstual gronemelsasha\mlm@rdnésfaad@ntroohhmwabI S and

bur ner orletatl exanp osed burner

U-t ube, Elgpte andiyc QFE OYREL Oca"e%%‘i af%ogﬁ }“iegﬁ‘aart‘?rc%“tf am%%‘lta?/ SéF“ ) tondrl cal
with cr ossbmﬂaﬁndnﬂmaialf@lﬂ;heﬁlefgpeﬁtﬂnerfeab@:t hénis leatet Mroﬁtuydaﬁy fandhaesas tler t he
l'i ke. The ﬁljinustable burgidﬁr f32 ma bF oriented in bottomfired, top fired,
hor i zolt al [#PF &Hemedhy R OfFerté’(ﬂ)“%tgg Pfons or the like.[0036] As shown in
FIGS. A af3sB t he skdvaninete 20 rddgse adjheftle Kirgkes wey bé sladed POMmbuyodifffht OF
menber and a right-side vertical partion 20R or nmenber that are connected
by a mi ddl l&?c?ﬂongWHBﬁn Boeeieo it BeRforn RERsURs hehamesmpayde placehslerehPapor ti on

20L and t her JibH efh@Sy VRl e of PIRKE hifRerdCRRtiontBhetaefré L@l gbderfiyOm 2 base
22, which may be a refractory or nmasonry base. {) 037] . The left-side

vertical pBRHERES spifgcea Hpddhion, hgrdiusadrebueics awpe ot titb iR i@t BBEDl ed to
and arg i nooopni cation with at | east one termnal manifold. Preferably,
the left-side vertical portion 20L is coupled to the outlet term nal

mani fol d 2804ld t Rerther.gheackiversiopelpe buratrs pisradiugiablo el thereferaslogyprisomedns i nl et

t erm nal :ﬂugfd? éxg(fl%eﬁr A dﬁs‘?ﬁgﬁqeﬁ?p%ﬁﬁm %ﬁenf An(Pin@ orf 15915@ tﬁ@h hx@gri%tmzrryq{ m nal

mani fol d 24 upwar e right side portion 20R 't hrough i nverted
U- shaped, mieekdl er ygnmeatesirang @l desrdibedimrmaerh defaid helotie As efavidsil Helowethei cal

ggr %Sncg%rplﬁég%leﬁ%n&?&w dfflsica®d PBR: 5RBhERLA ifae PUERIAR (RBGESS Stream

such as internal flue gas box currents and environmental conditions such as wind, and the
like.
[0035] FIGS. 1A-1D show one version of a heater 18. The heater 18 comprises at least
one channel 20 and at least one adjustable burner 32. The adjustable burner 32 is positioned
on the floor or base 22 of the heater 18 and fires substantially, vertically-upward. Such a
25 configuration is often referred to as a bottom-firing orientation. The channel 20 is shown as
an arbor coil. Such a furnace 10, collectively, is often referred to as a wicket-fired heater. As
provided above, the adjustable burner 32 may be used with other types of heaters or furnaces
having different channels and burner orientations. For example, the disclosed burner 32 may
be used in U-tube, I-coil, W-coil, Y-coil, vertical cylindrical, vertical cylindrical with cross-
30 tube convection, serpentine, other coiled-style furnaces or the like. The adjustable burner 32
may be oriented in bottom fired, top fired, horizontal fired or angled fired positions or the

like.



and/ or hydrocarbons, inert gas or other process fluid. It will be
understood that the left-side vertical portion 20L may be coupled to the
i nl et terwOralo/rrersif ol d and the right-side vertical por®CconuS2aR0zey0 be
coupled to the outlet termnal manifold if desired and the direction of

fl ow of process stream may be reversed. [0038] The surface of the channel
20 provides a radiant heating surface 30. Radi ant heat fromthe burner 32
and flame 34 is provided to the radiant heating surfaces 30, which
transfers h t to the process materials 28 within the channel 20. The

channel Ol hate shAvrinEIes ey %lglslBstB%%haBWl %Ql 8% adstteide eentigg! podign e,

rect angul 851, mOMSHr aﬁ’dahé}ﬁ de'ﬁeltlcﬁrp@ft%h@bk)br m‘éﬂﬁer&iﬁ@@fé&!en@&t&a% aGniBdIE 641 ar
cross-section with a unlformdl aneter and is tubular; i.e., is not an open

channel 20abgyoriEon 3081 prameraler.1 8hq leftrisie geitinal gArtion @0k ead te righigidesertisalch as i n
oi | refineples, %lﬁeﬁ&hrv@ﬁiaﬁm t?@lh aFBhs%@tzswh&}hE@ Sé ) re'%fa&%rw&rrﬁds&ﬁy b&@r tion 20

and the right-side vertical portion 20R nay extend
Pr ef er @bl y[008He | &he leBisile VVI@P%hP@éiOHr?@Ltand)ﬂie Pght- Sadwetthel EQIW?-O& 2@1@ verti cal

portion 20§bﬁﬁh?5lg1d%e %%Oéi\?%ll ion \ngpgfa%Ftﬂng‘?rmlrfA‘l Qxﬂfolkﬁ ﬂkfl%%rbr%h@g at l east

one adj ust e burner |s cap pro C|ng a havi ng a
body 36 ankdftandewprt@&l poilthm Dlrin@upB2 tnthy oliet terminalahdnyfolth36 dmdrtieerghi-pdé udi ng a

| ow NOX buy n{a cal Pm%?%%i? 18 coupled to%heaigfey %}I%P%glan 1%924 %\2 Ioges%: gregm%g o(\?vst he

base 22. Thu VEersiton shown 1n bottom fired.
The adj ust ﬁhrhehehurenemlaﬂ me&nfpdeZl«’-ltulpWﬂEldthsdlllgB t}antgﬂqadldieypcaem :md tlb@igw\een t he

| eft-side ver ri ght-si vertical porti 20R In
ot her or ab et piprb il fati ai enfiokn SR et aby s B0k O o =ach
vertical nafhe thebﬁﬂéﬁﬂtdrﬂnlnﬁEmhmti)@d 4. Cﬁlﬁhhbﬁkg&&h@edﬁ%&ﬁhﬁy &ﬂnpffﬁyhhﬁog?einde fired
or positio e ceilin , it e Qrjiente |

hori zont al @ "F‘?%gﬁ 18?*’:5‘1’1‘6’%8“? ga\sé?él"‘gﬁrsﬁf?‘ieég@/%n{ﬁ il e?“?q?éﬁoo Iﬂi‘?t g‘ﬁéﬁff ?lg‘h

whet her  pogdrtida@p&toRbort Ay Ra®apiRe tdthe Gt kdrMthal hAGfILTIGhe S2htIRY vBGical
positioned closer to the |eft- S|de vertjical portion 20L or right-side

vertical petipPRompy begongled faihn %tl?ﬁfﬁf%nﬁwarfoMB]ieSﬁgd NG direcHen 2fdj ust abl e

bur ner;532 fRY obsroRQsitch@ned relé@hhy above the inlet termnal manifold 24
and the outlet termnal manifold 26, however, it may be positioned even

with or bel0833] ThéhwiFtags-of g ql?a&webéo prowides ndidntdgpitzanace 30y Radianibeat he
pl ane of tHeg,ehannagk 329no(ﬂan§a 34 ik hro'vﬁe@%tthpféﬁiahﬂ H%Q@r&?g duptuRRg, iy ear war d

wth respect to the "Z" axis. bur ner may positioned forward or
rearward offansiees }}?Flfaméhedlfloqeiiﬁem@?ra%h%a wiign lie, Céanneh?{%ﬁ@etch@mﬂzzo 183 ’@)’e whi ch

I's shown iy, tb:z}l@ cu#sp sec\%g LRnLRE: éﬁ?a‘?t gkargﬁﬁ'eét 1gHF‘1? Aok %}L%e k?dp§§°e'1{;3 ttRa-r OCESS

such as in ol I neries and petrochenica ‘may ext end
up t o280 feennel POBIcichla crbu&—ssﬁwmhhemﬁfam érdm?,@r il ia ubitkasti.cofs noeut r al

posi tion. éﬂ%n tcﬁ'eln%el%.s i\’%’lle%.'the Bgﬁer 18 is used in an industrial process such as in oil refineries
and petrochemical plants, the left-side Verticai portion 20L and the right-side vertical portion
20R may extend up to 60 feet. Preferably, the left-side vertical portion 20L and the right-side
vertical portion 20R extend up to 40 feet.

25 [0039] FIGS. 1A and 1B also show at least one adjustable burner 32, which is capable of
producing a flame 34 having a body 36 and a tip 38. The burner 32 may be virtually any
burner including a low NOy burner, for example. The adjustable burner 32 is coupled to the
base 22. Thus, in the version shown in FIGS. 1A and 1B, it is bottom fired. The adjustable
burner 32 is positioned substantially central between the left-side vertical portion 20L and the

30  right-side vertical portion 20R. In other words, the burner 32 is disposed substantially
equidistant from each vertical member. It will be understood that the burner 32 may be side

fired or positioned at the ceiling (i.e., it may be oriented in top fired, horizontal fired or
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burner 32 is substantially horizontal with respect to a substantially
hori zontal i nmaginary ground plane 40. The body 36 of the flane 34 is

di sposed wohstoanrisal |y central with respect to the |eft Perads2ments2eal
portion 20a and right-side vertical portion 20b. In other words, the body
36 of the flanme 34 is disposed substantially equidistant fromthese
vertical portions. However, the tip 38 of the flanme 34 may not be
positioned centrally, but may be positi oned nore toward either the

| eft-side vertical portion or t ght-side vertical portion 20R In
ot her wor d¥8ledifigecapesigions g t %?Oré*?‘?é 9“ B‘Q’eﬂieéb%g@ae‘t?tﬁheck@ﬁ% €O R2r espect
to the burmebudé 2'mi ﬂé@i@.ﬁnéﬁ@ld@@r tbﬂﬁl@ﬂt BB vfheal pbikidn 901 0.CRIME-SlHe POSI L ON
of the flame may be due to environnental conditions such as wind, or a
draft or tYf‘éu‘failR‘Em‘??%ameﬂ@a’@%nﬁlﬂbmthe stack 12 or frombox currents

wi t hi n t hergblgieboxs sHMHA &k adj hQahid 9u1§§ 32 951@%(:5@15{ }1915/%9&'\%%@111[6?' at ively
i ntense heat spot 42 adj acent the left-si e vert| cal port| on 2QL.

parti cal arteraigalgpniialdi 24 apd (e oudet terpénal mpnifdd 86, however | ibmey Bﬂpqsélop@isﬁwn oned
more cl Oseév}f %@ﬁﬁd Fifl&u r%t 57 211@9@6 %(%ftfoln&?iubg%l} n?%étﬁ%hehf-ﬁme (ﬁttlllep hQﬁ}% pt ' On

may cause un al'anced heat i ng rocess strea ‘hannel
or it may Hh&mgétstltvepoﬂntmmnéfmm)d oFfe@war@wgh caspect hvehdalﬁ reexis.)32he turigem 32 usted

position t r nwvi & ndi.tions thin the
heater tha a}%{éoes\lt“toh&eﬁ‘o édg legr%g%ﬁff%ebpe |§é)sfa}Q| one 2u @esik'lr%ﬁ) y %\1 ose to
t he channedxiQ0wvhiélr sfshxwabllnﬁthtm Whenelie 132ter 88 1saeddad an imdbdutid ppesistsidn vi a

| ocki nmeans cussed 0 n, the burn is angl ed at
anangPe AP Pl T FESpans Brt bl aladlso P S o7 D AE AR Sane 400 A&
may be 1 d@gsde tPIG+3A shsws BObEagrREs a fikt of ﬁu&bﬂg{)sméniﬁltﬁis bosiddn, thegrees. I n
addi tion, even shown. to be positive ed by the axis
Shown & TGP 68 SiafaeT ey bR RaL et Ra b uGe BEn SRt ar g iy Do
tilted in grb@]dqﬂmmodlm@sddy@a of Uetlahaat lstdn obdBdiBsthrfialy 65861 Wigh Ilegﬁeat si de
portion 20L. In this regard, may be - eg ree to -30 degrees. [0043] In

t he secondm;sl%fslﬁtfl&ﬁ verfigal PREY 2%arxslfﬂgéﬂh@d? Y%Wé‘ Boftip 2Qfy In BW@%Y’OYS%‘P@U oned

subst apt i alday 36 6Nthe Aamdhh b Jl@%&%%hbstt&uﬁlh'&eeggﬁﬁitaxﬁ ey tHc%E: LéGadl pp@ibhd. On 200
and the right-side vertical portion 20R t her posi tioned nore

closely t oHeWaeh gt 4 dhaftame; apaygwr bs pitpor Cepﬁ%bvéw mayHhe pesiHoBE of t he

flame 34 ig,ReWR@sitt BREC:- §1Hé)§ér@é!ﬁ {)@% 11)1}’2(8‘1%1%@1[ Hds{aB v&%éa@%ftmh%ﬁhﬁu
| eft-side vertical portion 2 he rig dgevertlca portion 20R In

ot her wor dghertyosds3@p 3§ O&th@ﬂ%m%m"emenbﬁ @sm%&e@t@ Fobtrespest 40 thy begel I st ant
fromthe verjd &)ak 39}3%%@1%@@% ﬂdgoﬁ Em&%ts@g%\é%m LSRRG biS: dhe burner 32

and body 36 of t ro uces ntense heat spot 42
subst @At i adniviyoreeppiad cetdamns fych s wiel, gresr deife g thp k¢, ifomsflyezgah Epmithavtack|l@se t o

the right (ﬁlfgg]%g(rcurgﬁg At ORRQR or left-side vertical portion 20L.
Because the tip

[0042] The tip 38, therefore, may produce a relatively intense heat spot 42 adjacent the
left-side vertical portion 20L. In particular, as shown in FIG. 1A, the tip 38 of the flame 34 is
positioned more closely toward the left-side vertical portion 20L. This tip position may cause
25 unbalanced heating of a process stream 28 within the channel 20, or it may damage the
channel 20. FIG. 1B shows the burner 32 in an adjusted position to offset the box currents or
environmental conditions within the heater that cause the flame tip 38 to be positioned
undesirably close to the channel 20. Preferably, the burner 32 is locked in this position via
locking means discussed below. In this position, the burner 32 is angled at an angle A, with

30 respect to the imaginary horizontal ground plane 40. A may be 1 degree to +30 or -30
degrees. Preferably, A1 is7to 15 degrees. In addition, even though A1 is shown to be

positive as defined by the axis shown, A| may be negative. For example, the adjustable
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38 of the flanme 34 is nore centered, this position nmakes for nore bal anced
heating and provides | ess chance for the channel 20 to be danaged. However,
because tWe 2budy738 of the flane 34 is positioned cl osePCraistéwe/oed2ght - si de
vertical portion 20R this portion may receive nore radi ant heat. Thus, the
burner 32 may be adjusted to conpensate for environnental conditions that
may reposition the flame 34 and tip 38 of the flanme 34. The burner 32 can
al so counter tube flane inpingenent burner tip plugging, thermal currents
in the firebox, t%? e used for flue gas hydraulic leveling. [0044] In

addi tion, BYa# BtQHBEt}’dW &in fp‘Bo@ﬁd‘%th%é“Wﬁé’Pe Bane i plogd t%eftmdﬁ PPW@“pI ane

of the chamlngsrggglg ?hﬁ?%eﬁzde@&\)ét@%otdegﬂe@sd forward or rearward with
respect to the plane of the channél (i.e., it my be tilted along the

"Z" axis) . [08dB] heln tht heoatjassivajthebdiyr3ter tlﬁZlam&)Mbﬁnd‘th@'t pekitinec kwi se or

t I t dr ed- d b | ted al
Chi's ot s Braral PR ERRSERRON Bt PRERE b Chn BRFSTGIE bur nr and

one channelerticallbbriiph 2010 UR B4 Sit aqu@dsra:ﬂmlajrécm@yy fd€hd mpdk-bide dertitnl phgoheat er ,
as shown in FIGS. 1C and 1D.. Th ust abl e bur ner 320t|mzestheflarre
| ocation fOMnPYSI é*leﬁm%é%féheff s "&Obltw%ﬂ@“%“%‘ﬁSWt’éé‘é’@hﬁS@ﬁCFy t he

heater 18 @fth&lefRidelvArtiRNGottBnREL. 2 ihB ridhl didddlegiAMpHSdedIRe 1RUIhBEKSdS2A- 32E
posi tioned below nultiple channels 20 (FIG ID). The adjustable burners

32A- 32E fi fR3%ipiile Hama ébis disapsed eybsigptpllyisguigisenhiarm tredicplaneionpelrisl and

over the bygnefls v(ﬁh@spect't@tﬂefbﬁme%@z sHareRal BOBY the filtGe BERE, d8ishewn in FI GS.
1C and I D has five a ]] ust abl e burners 32A-32E extending along the "Z"

di rectlifon prefdeseningse hrat pebdZesubgtgntiall Fpquidistm)t froppibp vertifal serabhserathar they
32A-32E i s h , erall
(,le%chr(t)ﬂ.eQ%ggm@@%? esg&rg%m(ﬁ@& x§ @g e L0 pGRbh 2610 a@@hs% u;eggm y

desi gnat ed as re or ust ab Ur ners or c anne used in
t he heat er 331&. thfflahedpisimpre an@rdde@%tseilOSIusn hakestfoyanery biladed beatiopendundr ed

(100) changsl g, BATHLERIIHING,H PEORISTALIA Mo, LO0IEL, B0 uaNAN I (O 10

the five a urners Stioned ase 22,
next to eaﬂdrmmlhmposn(lmad Elotar tdBe rllglmw@h&rtmel ®rianVRb ééporgnougtefedve

cl arlt ) ln ot he burnhers are positioned in
subst a)rélt i a]in[Jle The CE th\gqmﬁl% SaFrl?e%umelt% m%s&“e K ?Lr ée(CF:rtt? on- IP (K tjB{ffnr‘{lel %m?ﬂ\- 32E,
however, namdimenpmsu rhayongditivafiie-flanmee34 and tip BAgHdE éldmmm hTHectaipee B2 tan

o oot e b e P ) oo B R B OB 325,
the three adjmstirbkal fouflnegs h%ﬁhhc&%hn@Zd remain in the neutral position.
(Ve 15 10 fhgyr cTRYGR, LT LA LG ELS, A, A0CLL0 ), Bunet 526y be
20 the channel 20, the burner 32 may be tilted forward or rearward with respect to the plane of
the channel 20 (i.e., it may be tilted along the “Z” axis). Further, the adjustable burner 32
may be rotated clockwise or counterclockwise three-hundred-and-sixty degrees (360°) and be
tilted along this axis of rotation. Even though FIGS. 1A and 1B show only one burner and
one channel, multiple burners and channels may be included in the heater, as shown in FIGS.
25 1C and 1D. The adjustable burner 32 optimizes the flame location for multiple burners.
[0045] FIGS. 1C and 1D show essentially the heater 18 of FIGS. 1A and 1B but with
multiple adjustable burners 32A-32E positioned below multiple channels 20 (FIG. 1D). The
adjustable burners 32A-32E fire upward (see FIG. 1C) and the channels 20 extend upward
and over the burners (i.e., in the “Y” direction). The heater 18 shown in FIGS. 1C and 1D
30  has five adjustable burners 32A-32E extending along the “Z” direction length of the heater
18. (FIG. 1D). Each adjustable burner 32A-32E is positioned beneath eighteen (18) arbor

coil channels, generally designated as 20. More or less adjustable burners or channels may
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may be tilted 1 degree to 30 degrees along the "Z" direction. Preferably,
burner 32A is tilted -7 to -15 degrees and burner 32E is tilted 7 to 15
degrees. BOrnBy9732B- 32D are shown in the neutral positipem/usadiomeszobe
tilted in any direction. [0048] Tilting burners 32A and 32E toward the
wal | s 15 positions flames 34A, 34E closer to the walls 15, which provides
nore heat to the walls 15. More heat to the walls 15 provi des nore
radiation to the heater 18, which pronotes uniform heating of the channels
20. The box currents within the fire box or heater 18 that cause flames

34A- 34E t oPsiseindheester b Jreterdbe thedettpel Sdiia frfahs(29o ogehakbs 1P FiG 1B

for exanpl @anfBy «RE cA¥en hpmggghﬁmhp a tenperature difference between the
col der walls 14, 15 and % | ames 34A-34E fromthe burners 32A-32E. Thus,

mor e heat BmﬁﬂldedSﬂ@“@h@Fﬁéﬂﬁéﬂ@§wﬁﬁ%é%ﬂﬂ%@ﬁﬂ%b¥%%ﬁ2Eﬂmﬂﬁﬁﬁ%@ﬂﬁéﬂwreak up
or di sruptpQf of M6 fRG, AR gncﬁGCPé rtﬁe‘%lﬁmdﬁqiak’é E?élﬂl ?m@x’éﬁ@&r ?asrl%zﬁ 32d

produce flames 34B-34D t hat exten substantially para to wal
[0049]5F|G$0ﬂEAw@nhlﬁBb@h@mﬁa&éﬂE@m;wsn@mﬁnnsﬂm@n%ﬂweMﬂheam@memmBe“Xﬁ|s

ver sion i Sq Fe%géerpt’f gbluxle}s@rfl e%%%{ h(gxbeevepgﬁgr 25 gos%kb Afpk@{,(? staé%

al i gned sid n the rection. econ er 118B
i's separate@mﬁﬂonnaaﬁﬁMst w cket-fired heater 118A and third mﬁcket fired

heater 118 mall 146, I'k and of FI GS.
o ang 25 WO, e kA I K fie b aniq RS AR btos SR8 &8 el ol e 1 o
each heat eWamsll&%a’!y bk&ﬁed A\x&mwewblmrﬁ \slatetth@mle(emopstsﬂﬂem)mﬁathHCme| ded
above in ca nlca a duct 1]12A, .112B 12C...In addition
o) b BT e e e S g Wafi® PR Eiio et e DS e B r - L92A | &
"I ow firi nBurnerl32Achfiede tmed dsdegaaéjt@sioaiag@eMﬂgane PB2UBetbsonsAl bh@e@dUCe a
flame 134B t hat does not extend as hlg as flames 134A and134C. Lom1f|r|ng
flame 1348“%?/3 @%@éﬁﬁglﬁﬁtq@ doRkset HPRedne T2 t HEscliray d“r’i?f%?lyfti’“é‘i"{%é%ﬁt}i dnd

134C. [ 0058]to HisrdebreWd ml®hirdet 580s Rgat Blo 1518060 Mk SEH AR dicUss@dbingndur ner
132A and a channel 120A. Second w cket-fired heater 118B conpri ses

adj ust abl e*Hirlmepitiambys e dilgthiieny PO Thi rd wi cket-fired heater 118C
conprijges mdmst a’billtﬁw%ﬁﬁ?srﬂ;@%@3@@%%@@&@@2&1@?@&)Sltg?&harﬁ&aﬁﬁeBZ@-aQér 120B

and 120C is preferab an arbor-type channel describ above with
respect t dotirevals Hérw il Bliowidgs mPHHSaAL o Eac\ﬁllabﬁ d‘é@%ue@ t%merveqﬂs 13pmyideg 2B,

132C is C%Qﬂe‘?gilétf?)n@o mgﬁgatérzl%’ wfucl? L’OH{OE:Q EIS eﬁtn‘?gr cﬁ t Oéhraﬁl{asinr e bE{G‘Ch

burner 132A, 132B, 132C nmay be pos tlone tantially central between its
respect i vecurghts withtiethe Bretbos af haatsr 18 that @26}‘#@_&,1’1161 26BI34E 10 3Cve winldsirablyht - si de

verti cal 3(255% itcp fle %ga%'ﬁ‘ﬁs 26‘,?219 E}%wnlig %&8 l%f fOF@)&tl]np?J) ﬁﬂ? gé d(}e% %artj,‘%oaB’ 120C. In

ot her wor
20 temperature difference between the colder walls 14, 15 and the flames 34A-34E from the

burners 32A-32E. Thus, more heat provided to the walls 15 makes them warmer, which
helps break-up or disrupt or reduce the thermal box currents. Adjustable burners 32B-32d
produce flames 34B-34D that extend substantially parallel to walls 14.
[0049] FIGS. 2A and 2B show another version of a fired heater 118. This version is
25 essentially three of the heaters shown in FIGS. 1A and 1B, aligned side-by-side in the X-
direction. A second wicket-fired heater 118B is separated from a first wicket-fired heater
118A and third wicket-fired heater 118C by walls 146. Unlike FIGS. 1A and 1B, the heater
118 of FIGS. 2A and 2B has three outlet ducts 112A, 112B and 112C, one corresponding to
each heater 1 18A-118C. A convection section (not shown) may be provided above and in
30 communication with each duct 112A, 112B and 112C. In addition, unlike the heater of FIGS.
1A and 1B, the adjustable middle burner 132A is “low-firing.” In other words, adjustable
burner 132B is set to produce a flame 134B that does not extend as high as flames 134A and
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t he burners 132A, 132B, 132C are disposed substantially equidistant from
each vertical nenber. However, the burners 132A, 132B, 132C may be

posi ti onewochuglar7sto the | eft-side vertical portion or PCEhuS2&ioded2verti ca
portion rather than centrally. [0052] The adjustable burners 132A, 132B,
132C may be positioned slightly above each inlet term nal manifold 124A,
124B, 124C and outlet term nal manifold 126A, 126B, 126C, however, the
burners may be positioned even with or bel ow these manifolds. In addition,
t he burners_132A, 132B, 132C may be positioned substantlally wiithin the

pl ane of t WG Hehiding Hampnl 34@2‘@93 extead ap (o ong-thirqyphthe hedahh aitlaniss 18ha and 54 s)

but in otheggcversions, may be staggered along this direction. [0053] Oten
times, heaters 118A, 118B, 118C, such as those shown in FIGS. 2A and 2B are
subj ect t ol098% cuFigntigket-firedhegiey IJRAematies ar adinsatiebuyes d 3282l a graml and

132C in theydA r§koff w1'8§éﬂttirr@d heQ@?ingO&mle%'}d %E‘l‘é"iﬁrn@ﬁl%éB%ﬂ&'cﬂaﬁﬁgf ar ein

the first position, thelr respective flames 134A, 134C "l ean" due to the
box curdr entZB. ﬁﬁlnslu’oﬁwt-flr@lﬁ?éatm p SCSSFNPIIS:S pd)sﬂ@bl@h@derdl’o’@@ end chappel é??DC

right-sideg Qc%rcﬁlhrﬂl@h%%ﬁ%(%é: 1aMBokhd rﬁ%ﬁlygﬁ épo%g-b;ée%f}ﬁqe s(a§s%nf><9i. a%rxg n

| eft-side portion annel respective
provi ded alyolresspict to thestpeckersiamsFI GS. | A and | B, this produces intense heat

3pot's, (not RAN) LSALLMIER BREY HAA Tt el TRYLIRINGE hese gortions of

t he channe i ntern et e 148 may
carry heat bnilrmsrmfelbamﬁﬁ filedi4 Aasinchris34 G 8 UGDB] 1RaC hdyi te ;haabneﬁ@nlﬁsmhslly and may

further in t he.channe 0B es cially p o] d 120BR
i & o0 "Rl ma af FaR B R ot b ae ton A Phbk TRe A e s o hons
adj ust abl ev@umnpmorlmmndoﬂﬁa@otwot eqth @hanad] 129Ae OB 12 SIQTotHethll’dsJ ean
fromthe box_ currents. Fal’tl cul ar@wg%ust @bl e ur ner 132A ma%;&be titled

from- 1 d@@rbé‘é’e'tsd”‘f’sﬂma@g wESE SR fHELY PORISIERY o8} g 3 itRhy  be

tilted fromehbdedoRRvdrohdBudegnees 130Bt MeCmAivegotilithrd cRrafieiaMysiabur ner
132A is tilted from-7 degrees to -15 degrees with respect to the

hor i zont al V§liihBOHAROLiEDfraide I@E@li’%f“‘é’?}f’tﬂ“é’ﬂth?nél%@fagés to 15 degrees with

respects t ofgo5g) homezms@alblemum@s 52Q. 1iz@05ﬁc By wgosﬁ%&sstn%gﬂp&%lv& bR, the
fl ames 134A and 134C o burners 132A and 132C, respecti vel 4 1t2are posi ti oned

cl oser to inétfeaminglpaniild K419 424BrH2AGend @d?&t@mléalmalf%ﬁtlﬁ@ AB. 45 box or
heater 118,43k, i?h%g rpnefshﬁayf de?%?xﬁoﬁ'eﬁ%@én WGt BeRowWTYE HAAERL T AllaYiichage tO

the channel's, are he tenperature difference between the
col der wal buragrel 136 131%ﬂégcmhepeﬂ®nﬁfl obstahigallyyrifher de pRRQEIIBOChanmls e heat

2,00, PR i A BB VAL I OB 8 50y e

20 along this direction.
[0053] Often times, heaters 118A, 118B, 118C, such as those shown in FIGS. 2A and 2B
are subject to box currents. FIG. 2A shows adjustable burners 132A, 132B and [32C in the
first or neutral position. When burners 132A and 132C are in the first position, their
respective flames 134A, 134C “lean” due to the box currents. As such, flame tip 138A is

25 positioned close to or on right-side portion 120AR. Flame tip 138C is positioned close to or
on left-side portion 120CL of channels 120A and 120C, respectively. As provided above
with respect to FIGS. 1A and 1B, this produces intense heat spots (not shown) near these
portions, which may impinge these portions of the channels 120A, 120C. Further, hot
internal flue gas currents 148 may carry heat from flames 134A and 134C such that this heat

30  contacts, and may further impinge, the channel 120B, especially at portions 120BL and

120BR. This heat may overheat and thereby damage channel 120B.
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respect to the positions showmn in FIG 2B, flame 134A is positioned closer
to left-side portion 120AL and flame 134C is positioned closer to

ri ght - si owoporwi1ors4120CR. The tips 138A, 138C of fl amesPC3AA2@0029286C,
respectively are now positioned substantially central with respect to the

| eft-side and right-side vertical portions of channels 120A and 120C,
respectively. As provided with regard to FIGS. 1A and IB, tips 138A, 138C
of flames 134A, 134C, respectively are now di sposed substantially
equidistant fromthe vertical portions of channels 120A, 120C, respectively

but are of f0984nt eFlG2Bshpwsskinstableduiness Bdprad 1425 Mtedios adjugipditobiaptélein 36,

136C of f1 aiieodhockifiGis, Ytk RS kR G3k adyse gy gaser heat spots
(not shown) substantially equidistant fromthe vertical portions of the

channel s 19@ree ta sBclegipehidrtha hairectpi symerd 38q anay de tijtediren) 1 alegien i) 3(99 si de of
the channejs 12 %he ;L%%‘cmlh bl%fé?értﬁ n%m%ﬂtéé%t B g 8K eadPles PN 6 alAlanced

heating and "provid | ess chance for the channels 120A~ 120C to e damaged
from eﬁceSWLtbeeSPﬁ@atO thB@uag@el Hive ab@)bltlre@ 1836 A LiltdGCepkes b dAdszddaith 134C ar e

posi ti oned r, t ri y-extendi ng portion of the channels 120A,
120C, thesleeg egtrsttglt%en@n?(ﬁgkgng?é%CR) will receive nore radiant heat than the

remai nder [@P053]he hhhﬂar&hseed]p@%pn Mme[soe%]and:lmctrélbprnbedé%end)t32tChe angl e

of flames 134 34C, the ue nts 148 ¢ heat
from bur nef"&% \5’ a%é’éit%“e& EOts?tl Oéﬁlaﬁtﬁ)@f Vgalggolgh! E@e SUcCUEFY ?ig%t S%(%Ut | et
duct 112B. file(ax ot hea&g 118 énreral34i; flaus [BOA) mcgﬁﬁmvemndfeklam cl@hﬁﬂthal | ows
these t ckﬁ nts 0 .nove o&le channel f¥}3208 and Ou{lﬁ gg@ d(g{f}t 112B.
Thi s f ame® B 1P PYHG? B8 SHPCERA LTI PAvEns CO& A"UdEt 112A,
1128, 11_2(}1arffétus4Aql3ao %etn tﬂ}@&ﬁn&ﬁ 13:1)@ \}m SET Qﬂﬁt&hﬁiﬁ@&oﬁdéﬂ@@tﬂ@%ﬁl@?\ 14 8Bs does
not receive excessive eat as en the heaters are in t I.rst
posi tion, SABWHPH: EPiEh helps brﬁ\@( %‘B STR OFfedice ke hargf be¥ C‘t‘f?étSHélgt Withom

flames ;S%s}%edo%stt@nmwvh a0rou B Oflanfd 158 AQ@Bos@ibhnkEE10Y &t 18113l pordibel 112C,
respective currents 148. [0057] FI GS. ' 3A- 3B show anot her version of a

heat er 2 1812y0ﬁﬁeanééiaa§tl%¢ & nosifipsdsloograrishisyde poriin 2PARt APstive’8fton are

i dentijgal mdcﬁ%ﬁ@ MM dN 30t GSepedifeBNEe ARy pdsitonel fbSHANES chRtVGRRA t he
heater 118 of FIGS 2A and 2B and t he heater E2)18 of this version, is that

there is oWFRPCHﬁéheclh%ﬁﬁeﬁnmt sidpgeriigalipgriiopeeftcbenngls lAPydre Blssner 232B. In
addi ti on, IEB%IGW%A g%Qed »(htﬁté ar & Ptd%ntmﬁw {Ubs T3 sTBE. 138¢-0P Baln 16341L\VG\(‘500' "

type channe nstead o an arb type channe arc shown in Fl
2A- 2B. Thel?(flﬁamﬁedctlzezmauesm\mdrﬁpmd sthstanhalty eghdistant horrilthesyerthAl ponigons BE i n mat

it conpri S&%HI?EIJ %(1)?% ai(lgie rdd é’chbagblg& @ff—cergé}twﬁlltg&)eﬁ(% Efe%mngggﬁgg\g%h by a

m ddl e portion, ncav respect to't ase shown in
FI GS. 28A amd t8Bies 1 31e\, |186¢ @‘”eﬁlam@spém,i ldﬁCZZDtts iips 138Ac b3ftLprodae irgensahedh out | et

mani fol d ng%tse%&% sfléwglntsﬁl%itagtgally equidistant from the vertical portions of the channels 1204,
120C rather than closer to one vertically-extending side of the channels 120A, 120C. This
burner adjustment makes for more balanced heating and provides less chance for the channels
120A, 120C to be damaged from excessive heat. Because the bodies 136A, 136C of flames

25 134A, 134C are positioned closer to a vertically-extending portion of the channels 1204,
120C, these portions (120AL, 120CR) will receive more radiant heat than the remainder of
the channels 120A, 120C.

[0056] Further, because of the angle of flames 134A, 134C, the internal flue gas currents
148 carry the heat from burners 132A, 132C over the channel 120B and out of flue gas outlet

30 duct 112B. Low firing flame 134B, due to its shorter flame, also allows these hot currents to

move over channel 120B and out through duct 112B. This flame adjustment promotes an

equal flow rate out of each duct 112A, 112B, 112C. Thus, channel 120B of the second
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portion 220R is in conmunication with inlet manifold 224. [0058] Unlike the
channel s shown in FIGS. 1A-2B, channel 220 has inlet manifold 224 and
out | et newDf010d12B6 positi oned above the arbor portion PeONMS20m0/02¢déti on

as shown in FIG 3A, the channel 220 conprises an outer |eft-side portion
220L and an inner left-side portion 220L'. Simlarly, channel 220 conpri ses
an outer right-side portion 220R and an inner right-side portion 220R .
These portions are connected by a return bend 224L, 224R The outer

| eft-side ve tlca por n 220L and the quter ht de vertical  portion
D50R . LSNPS B GEs rORENEERBrY e KL It be Stse e itcal

portion 22fy %ﬁiﬂioﬁ REBoWMIEFIGH 2 GhiAS bideyiMe FIG. OB, s & B hed20Rn exinenthawp to 40
feet. [0059] Process, stream (not shomm% f1 ows t hrough the inlet manifold

224, down %Iﬂrléﬁ@w Q?{iteérou??féhlﬁgéﬁ el 16?’(*29‘@)ﬁzcafeéEﬁ?élVf‘rlétth‘?H”ﬁéhhdfgz44R to

i nner righfops1de PRt B&@B%%Q\Ran@m&rvemoqwf@h@@értzwnﬁ@&a&dsmwuauﬁ& i3aner
| eft-side portion 220L', around bend 244L, through outer |eft-side portion

220L aAd otR2Cotievein thisnpision dreidaicaiobesssshawp é Ss2feerd E8 bl ¢Eeender om
adj ust abl e, ALNeL.s, é§11%&%#1@@%&99%)&11@&9Eié\ﬂélczhs 3f &ls%&% i Reh: Bflow

[0060] FIGS. 3A an ow t hree adjusta bur ners; irst adjustable
bur ner 232¢ly enesé@mm?@dprulstt abdcated gt misidle28pBr 33 P. alntaﬁﬂmozh djcheingbl?® bur ner

232C. Adj «

baae 209 o ST ALBORD B @R 3830, ot RS ARABL OGS A ke Pona””
upward in thxﬁeﬂﬁdmndﬂmmmemFKbhzeﬁﬂb'Hw&heywhﬁ@1b@mnmnpﬂmmegm1nAs in the
versi q S alpI%\éelA ancl H?l atRzlitelt C%ﬁlﬁ’gl]ggsal 51dé 8 dﬁ %ndtzﬁ rl%bur n m%ogé(%ﬁgéte In a

refrac ory ‘or’ masonry base. era B, 232C
are positi comﬁidlesmhﬁinawhmﬁisl cymdalvdivith trdmecptwheb@é 22 heAcdhawnél FIZER0 3iiahd

respect to directio However, the burners 232A B 2C may be
posi ti oned’ 1%2%“5?&”8P0¢%% %%Tﬁ”b%mEWﬁﬁaﬁ?%HnﬂPﬁ%%f?mﬁﬂpé?gﬂﬁv~ g6t e bur ner
232A and tpurtich 20RUShabnehuBichiner widBidler angifqa@si4.i oned on opposing sides of

t he channel 220. Prefera | e burn 232A is po i oned

first. adj a It
subst ant i alPP3Blcenthizie He ?’erfeéssgﬁ%\‘f? in ke héé"gﬁt ‘g}an?eéggo Efisd‘életvr@?“t”io@a% 4portion
220L qf chaarellet Zr?a(ilf@la@wv?éém@éalaboi‘v’é ek byrtioh oM. ﬁpuduﬁioabis@h&w mer 232C

is positioned substanti al central with respect to the outer %ht si de
vertical pdf:Pdnhodpride? %W@FS oqytes dl-sigg porgan220kpad é‘éﬁ‘ﬂﬁdefé\ fist abl e

bur ner i S $drt Aoanedsihihiy, Bhdn& 220 _0NStseL&Pouté? rrﬁ’ﬁlﬁglé@f)dfnorﬁm%d%ﬁ“ ust abl e
bur ner ositioned substantially centraltbetmeen the inner left-side

verti cal pl@mrlrkgg t-pdeportiarifOR h eThepmiartions gr cognegeed\py Pl el bepd P4l 424 0R |
[0062] HeatRr Riter %Wé‘de%rﬁc'aﬂ%ﬁu&hﬁﬁﬂ ahcﬁ‘th'é Io%r rlgh% sﬁf@@e&@algygﬂlogfﬁ@l@ Y bj ect to

thermal gradients that cause flanes to "lean" " nore to o de than the
ot her 20 FTGxt®A vg trofisiedty rPrféq:lgbly, the outer left-side vertical portion 220L and the outer right-
side vertical portion 220R extend up to 40 feet.
[0059] Process stream (not shown) flows through the inlet manifold 224, down through
outer right-side portion 220R, around return bend 244R to inner right-side portion 220R’ over
middle portion 220M, through inner left-side portion 220L’°, around bend 244L, through outer
25 left-side portion 220L and out outlet manifold 226. Process stream is heated by heat from
adjustable burners (as provided above) and which are described below.
[0060] FIGS. 3A and 3B, show three adjustable burners; a first adjustable burner 232A, a
second adjustable burner 232B and a third adjustable burner 232C. Adjustable burners 232A,
232B, 232C are positioned on the floor or base 222 of the heater and produce flames 234A,
30 234B, 234C that extend upward in the vertical direction (i.e., they are bottom-firing). As in
the versions above, adjustable burners 232A, 232B, 232C may be situated in a refractory or

masonry base. Preferably, adjustable burners 232A, 232B, 232C are positioned substantially
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232A, 232B, 232C in a first position or substantially horizontal wth
respect to a substantially horizontal inmaginary ground plane 240 (FIG 3B).
Due to thwothsyvmmais4gr adi ents, flanes 234A, 234B and 234ECcwrais2dlom29200t o t he
right. As such, flame 234A is closer to outer |left side vertical portion
220L, flanme 234B is closer to inner right-side vertical portion 220R and
flame 234C is closer to wall 214. Flanme 234A may overheat outer |eft-side
portion 220L of the channel 220. Simlarly, flane 234B nmay overheat inner
right-side portion 220R of channel 220. [0063] FIG 3B shows burners 232A,
232B, 2320vithip thegplagieohthe sBpael 220 3vithapspee it BE Zghisetitd. plogysEer2ihe biigetonpensat e
for the fl 2&2%3’232@%?Eggml&%fdn%%%hﬁap@é&%l ﬂi%c'ﬂd' ents (not shown).

Preferably, burners 232A 2B, 232C are | ocked S position via a
| ocki ng nel@fél] di Biewsdedatebuwner 28PA pad third adjastablabljroet?3BE erctpasitienred 0R32A,

232B and O(%%&lﬂ?%d&%f Eﬂet %ﬁﬁlef %ﬁ%ref&gﬁ? %gg‘t% Ubi gtabl?gurqugfigg%%h&ltlomgd

x-directi respec orizon rners 232A,
232B, 232CGubsynti8y ténitedith regpect (6 tlmhemteewt gide veit&aprgnﬁe%’Z()Ndf hhanesl@é@t to the

hori zontal pla hi t|| 05|t|on bod of mddle
£ ame 95 apRatlzg Bt ey rd fsRh iRy R B P R AT 28R oV
tip 238B oWitliriesighcerofthediier Zﬁm%mles\zenmm lﬁhlﬁcpﬁzszeﬁ of ulasihe e ahd valwm rak with

respect to in ons 220L' and B pro ces nt ense
oar  spot CHOE iBRh; bERLR amviorRr y B heat e s PR ERE: yRoT AT ons
rather thasuifdr Q8B ts@ositibAr@rsubshiihief den@dl betw@bt the ither éRrstdeGatticfigottioans of the
channel 220. Because the tip 238B of the flanme 234B is nore centered, this

posi til8n ﬁE@ésmFUPeﬁ%?éQQéﬂQﬁﬁ%H“%B%PP%%”%%d provi des | ess chance for the
channel 5@062? bepelaragedh BacRd s whnhe Fsel ¥ AZ38BBAk: §he shibjadie, @B i S

positioned closer to the inner |eft-side vertlcalﬁfortlon 220L"', this

portion wigPdipespiausediaacs idilent meese ong OoeUT S piear T, 34 SeRVSANEKOf

first flame)3346Hy 938l ﬁlpm%o&h&% &F suBQaﬂﬁFaflit? ﬁ&rﬁz%t)éd w@Mesl?e%ﬂtle&lbsttdnBal%38A i's
di sposed substantlally central with res to refractory wall 214 and the

out er | ef thosizeisalimpgipasierqyad plash24201G.38).cRaniedhe thomal gradisnts; fipmeps e heat
spot (j0t shawe,d %ﬁ&g%béﬁxﬁgt‘ e 4 tﬁeOl’fgh@'§§ éﬂaﬁ i hJ&%‘s G164t ﬁa%%éfryefé'\’a" 214

and portl on 220 ere t re 1s |ess of ance OI’ i ntense heat to
i mpi nge t frade quai eontiaf 220heflaphradddBlis Ao@r toBarc wight-tidreveiodyp@RBROR™ fdane

234A is cl@ser H@ i§ 8é{e§‘%t\9 V2 MR e by 'rBa h)%g%?[% oﬁ{f:g%gzsj% oWi%sz g whi ch

in turn, provi es radi ant heat to the arly, body
236C of thh¢dﬂmhéﬁ@023@&hﬂ5funsﬁﬁébdmgb@séwwhmmouﬁemdﬁpghbnQﬂdéOport|on
220R of th ? 220. However, tip 238C and body 234C are di sposed
substantial fy y cen raI wWith respect to refractory wall 214 and outer

ri ght 261 dfopeR]t i oFIG22Bh®fs burners 232A, 232B, 232C tilted with respect to horizontal ground

plane 240 to compensate for the flame “lean” caused by the internal thermal gradients (not
shown). Preferably, burners 232A, 232B, 232C are locked in this position via a locking
means, discussed below. In particular, adjustable burners 232A, 232B and 232C may be
titled from -1 degree to +30 degrees in the x-direction, with respect to horizontal ground

25 plane 240. Burners 232A, 232B, 232C may be tilted from -7 degrees to -15 degrees with
respect to the horizontal plane. In this tilted or adjusted position, body 236B of middle flame
234B is disposed closer to inner left-side portion 220L’. However, tip 238B of middle flame
234B is now disposed substantially central with respect to inner portions 220L and 220R’.
Thus, tip 238B produces intense heat spot (not shown) substantially equidistant from the

30 vertical portions rather than close to either the left or right-side vertical portions of the
channel 220. Because the tip 238B of the flame 234B is more centered, this position makes

for more balanced heating and provides less chance for the channel 220 to be damaged.
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t he channel 220. Thus, intense heat spot (not shown) is substantially
equidistant fromthe refractory wall 214 and outer right-side portion 220R
of the chaorelo/d2B4 As such, there is less of a chance Por/usS2ce92920€ heat
fromflanme 234C to inpinge this portion of the channel 220. [0066] FIGS. 4A
and 4B show anot her version of a heater 318. This version is simlar to
that shown in FIGS. 3A and 3B except that this version uses a "Double-1"
coil -type channel. The channel 320 conprises a left-side vertical portion
320L and a right-side vertical portion 320R However, unlike the

pr evi ous| yPHra&etuedy ehth rihs flapet 145 gesivesrd Flosr %@r tingielsige veigal

right-si depotgsd 1208t (RO ONwALBR R Bore SluRehad by middle portion
(cross- over nanlfoLEé 20NIextend|n%hsubstantlally hori zontal | y between

| ef t - si de W894]i cabimplery.ibefy 230} offief TlamgRB4A éedisnopad; cdesr tprftacony BaOR4 bel ow
floor 322.y] QQQZQA %hﬁspb&fdtsul%ga%ﬁzélﬁhﬁﬁQ\lnhg&rprsét(?@reﬁ%&ory%l%g%n(y ﬁ%%toh@rﬂ' Iy

bet ween, and connects , r nal et manifol'd 346 and
i nt er nal obﬂ%éhVW@HﬂE@ﬁ@HQ@@LOW%@mElgﬁkﬂ@wﬁ@ﬂweﬁbﬁﬁakﬁﬁomshqwm)SZOR ext ends

i nt or el AT R ca RN Ratkb oy Fru bbb b B S5 00 e

ri ght - si dea ahandei folarlntepmlteaton uBROR tha;woem@ﬁdleupamlel B0. Beatuse tRe bédBr2@bAy, the
| eft-side y ortion ht - S|de v ortion 320R
extend up (ff%fagjﬁ%g > Chffx]i tgrr&gﬁ&_ormvejtl bl i hF%F BB, VVE{EI\lrciolr‘i he%lflgﬂl 8- ext er nal

out | et nanuﬁomdraﬂﬁuhtaunmdd&&nQOSt|on (cross over mani f ol d) 320M A

proce (ngt .sho t.h 324, .down t hrough
P oncdDae WART SniBel e SRS i, b el e g ' ot
cell thr Oqgiiiudmzmktbkd}%l&ﬁadﬂxel dor m@bvdredmﬁc%dra&rytzam ate?dtposdd out through
out | et naniLoId,§26 The surface of the channel 320 Er ovi des. a radi

heating suPsipwiallyeenyalowith angetip sefectopogbs | Agngiopiss right-sidg @otigp ¢ gho Tzlhown in

FI GS. 3A apécraBnel bho. etk hﬁteariméatsgal(@othﬁdsmrlssu%aayﬁlaugéglﬁma{rrdm%s%@ are
positioned on the floor or base 322 of the heater 318 and produce fl anes

334A, 334Bciraptore vl 24 st A tghimdcopartien 78R8 e chaime i 2Pe A il thereds | t hey
are batt ontdsior AehancéNor bxbeldd@ NEITRINPASMARNNE 0 iRAPInES haoRiRWE IR IcRamdRA, 3328,
and 332C may be situated in a refractory or masonry base 322. [0069] First
adj ust abl €28urner 332A and third adjustabl e burner 332C are positioned on
Opposi N ey Of Frskes & BN o3 2 BhorBl #5850 ayheatfer i TRl mﬁ&m Sinfdf @er 332A

is positioned substantially central between wal 4 and left-side portion
320L of t HbatshewnalFIGBA mrdethegxgentyhat thig ‘redﬂ@dt}@g‘s& %rlléleblij cpigtyp8 3R@ntls

posi t i O”egggé %tn@mfo%l)ln rlgeggtlgf?‘él %jxeetlt\é@\?ﬁoer@rg?félaﬂda ghi.r §1Melt§'ap§ort\{cﬁlr tical

portion 3 he secon justa IS pbsitione
20 320R. However, unlike the previously-described channels, left-side vertical portion 320L

and right-side vertical portion 320R are connected by middle portion (cross-over manifold)
320M extending substantially horizontally between left-side vertical portion 320L and right-
side vertical portion 320R, below floor 322.
[0067]  The left-side vertical portion 320L extends vertically between, and connects with,
25 an external outlet manifold 346 and the internal outlet manifold 326. The right-side vertical
portion 320R extends vertically between, and connects with, an external inlet manifold 344
and an internal inlet manifold 324. The left-side vertical portion 320L and the right-side
vertical portion 320R may extend up to 80 feet. Preferably, the left-side vertical portion
320L and the right-side vertical portion 320R extend up to 50 feet. External inlet manifold
30 344 is connected to external outlet manifold 346 via middle portion (cross-over manifold)
320M. A process stream (not shown) flows through inlet manifold 324, down through right-

side portion 320R, out through intermediate exit manifold 344, into cell through manifold
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substantially central between the |eft-side vertical portion 320L and the
right-side vertical portion 320R. The three burners 332A, 332B, and 332C
are positwoned/gatsgt antially within the plane of the chaomalS2@202920¢ h
respect to the Z-direction. However, burners 332A, 332B, and 332C nay be
positioned forward or rearward of the plane of the channel 320 and may be
staggered. [0070] A heater 318, such as that shown in FIGS. 4A and 4B, is
often subject to thermal gradients that cause flanes to "l ean" nore to one
side than the other. FIG 4A shows burners 332A, 332B, 332C in a first or
neutral pod#t wroroughls&sidernosionys 2fle pRd et frapushioptet e feld326 0 The wifBetalnt i al | y

nori zont al e KBANBALY cO8VR0Y rRhANRaPsur e of GecliRabiblemal gradients, flanes
334A, 334B and 334C rmay "l ean" nore he right. As such, flane 334A is

closer to [98] si Jenilpefqthe wirsiposhomarin gm 3AfANAAB, BR4ENG adjustablsdnren
right-si d63¥2%522§]§|a11@§§}d ﬂg gg?’%?ﬁ;@@gtl%lfﬁ)gieoxgogl}a%%%{)@ %?ﬁér §1@ léglllod"t:;cje4

Thus, flanme over t-side portion the ¢ 320.
Slnllaﬁly ﬂwmaﬂ§433KBBnayKUhamh3adqugﬂm}®ﬁMQUdetumnnBEQRK@MHdhmnmeI 230.

9072] ¥ SgdB, 0010 SHURE b R RBP4 Wb gl LERREElylg,
t he |nternmhuthﬁnmabrgmaﬂnemms31mot shomn) Preferably, burners 332A, 332B,

bur ner s 3300051530 Bra AT e e P sl S B T e M B GME ces i n

the x-dir 66Iﬁp0§lﬂg sides dT ticeSp@el 3200 PereiaBlo Nirsd ddgfs@bllla@uﬁlblamﬁé@@snﬁmemer s 332A,
332B, 332C

ma tilted from-7 0 -15 degrees with respect to the
horlz&‘talﬁﬁﬁéﬁﬁﬁy ?ﬁﬁ?%ﬁw%¥ﬂgﬁgd§% I§§KE3?§88$§66¥@8d3983er to
| eft-side pRfdiudy tlﬁl%Qidjust-ﬁblﬁ b8BT iFpeketi Red LidbRntRB¢ Berltil hAWLS wip05ed
substantially central with resyect to the |eft-side portion 320L and

ri ght - si de®(§igiahi-sife s2BR! Parka 3248 plhs3smne Adatihds wreriPALR HosiHad spot  (not

shown) subs'i;b@teﬁﬁaak e¥ne@AsHHEStRNER S RMELRA pYRIch 0@ aROhE ll%{ﬂ%ldé@%ﬂi%ﬁl than
close to either the left or rightside vertical portions 320L, 320R of the

channel 32mrtlgé%2&l§séfhﬁﬁéeqb%nes%@@hﬁ3%ﬁuén¢ﬁwrgwslqngd soslentdhreinid, this

posi ti@n 0 C r the
POSIE 1 T Bind O N3RS er AP ARV ey S phanc e fer

posi t i onedang 333€maydephwtions farwcsﬂ@rwwwué af the plan¢ efthgogmnel BRY endyoast boon wi | |

receive nngs%%gglant heat. [0073] Simlarly, body 336A of first flane 334A

i's disposeé oser to refractory wall 3 14 but tip 338A is disposed

subst ant i al0PY0lcentrhghteni lﬁhsuplesm@ttsho‘@n meflGactoryd 444l of Bh4ulged ta therndadf t  si de

vertical pé)raé1%:1ﬁ€th§l?(%hseq{amegﬁ)nqgan" more! ong E’ge Qltx ﬁln%?he eﬁﬂG ZciR%Bovgsnl%me shown)

i s substant
20 332A, 332B, 332C in a first or neutral position, substantially horizontal with respect to a

substantially horizontal imaginary ground plane 340. Due to the thermal gradients, flames
334A, 334B and 334C may “lean” more to the right. As such, flame 334A is closer to left-
side vertical portion 320L, flame 334B is closer to right-side vertical portion 320R and flame
334C is closer to wall 314. Thus, flame 334A may overheat left-side portion 320L of the

25 channel 320. Similarly, flame 334B may overheat right-side portion 320R of channel 230.
[0071] FIG. 4B shows burners 332A, 332B, 332C tilted with respect to horizontal ground
plane 340 to compensate for the flame “lean” caused by the internal thermal gradients (not
shown). Preferably, burners 3324, 332B, 332C are locked in this position via a locking
means.

30 [0072] Adjustable burners 332A, 332B and 332C may be tilted from -1 degree to +30
degrees in the x-direction, with respect to horizontal ground plane 340. Burners 332A, 332B,
332C may be tilted from -7 degrees to -15 degrees with respect to the horizontal plane. Body
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equidistant fromthe refractory wall and |l eft-side portion 320L, where
there is less of a chance for it to inpinge a portion of the channel 320.
Because tweo 2bodyp7336A of flame 334A is closer to refracwromyuseablo2®od4, it
heats refractory wall 3 14, which in turn, provides radiant heat to the
heater 318. [0074] Simlarly, body 336C of third flanme 334C is disposed
closer to right-side portion 320R of the channel 320. However, tip 338Cis
di sposed substantially central with respect to refractory wall 314 and

right-side forti on 320R of the channel 320. Thus, the intense heat spot

(not showny3GBsolsnitlle Bame A14B)is igneser shoeen o keftoifephsion d20lactiaryshal middka and
outer righfizsd SaEROKLY Q'Qp(%g&)%%b%ntgarl? cGRANRGH re3fRt toAife BHGe pbABRB20S | eSS of
a chance for excessive 1heat romflame 334C to 1 npinge a pgrtl on of the
channel 329 rjgh0%8d pFIL@GSI20BA-THAs, shGwBpttiess ay eteppolreapfpon(nhiedipen) 418. As

ol ural ity o el bl Rhene SQBLb SR TRL BB SRR AOTR 5492 °nC @

G oups Sof adj wstiabpaetidngBRel,320R ofvdk chht8 380.eBgmnerthd tiy3&sifginai et as

332A- 332C. aups_of burners on opposi.ng wall. 415 arc_gener.al |y designated
2s gaon 55 B en R B S P BBRE il bsinerlb SRRt VT s P

t he adj ust @hahe fbthé eiaand 320 3ZHamaged2 Bee i3 Be &by THoBpd sledlaaledd3gBend wal | s
415, 415' rather than bein i sposed al ong.the floor .or base 422.. In

Sarti cul ar PRt ol s U SRR Qo iR Ay s eS8 RS uan

di sposed afieagnd wal |l 415 and adj ustabl e burners 332A' -332C are di sposed on
end wal | 4]03 . Each set of opposi n% burners provide flanmes extendi ng

subst aft i a7 Ihor PizpiAtrIPofy31qeok g dlams oo fd Sedisposed s 9P refaeorsBall Al one
of the endywabbssAkipostdRnEstfialy@ntpdl Wil rbdp¥ct@f reeRabRel 81 A14Qnd dRgerehannel

420 has a left-side vertical portion 420L or nmenber and a right-side
vertical pdfavegirauporerotOhefBeannndiusate WeHASEY &Pt Pt shoo@htsrsabsBiialy ddl e
portion 420Mdisthenbgflide Shi&o %aﬁl'aﬁ@left%@de;ﬂoﬁﬁbn@@h Ak Hbe id g ﬁ%hgﬁe

vertical portion 420R ext endrydommwar dly fromthe ceiling 450. The left-side
vertical péoF ititompaEs 2 Pogioasf pleehannel A d Begrusotherbed YGROAdh fljing B344E out | et
termnal nagif ol A28y w814 Gl SedeoMan il $al whekh W O 429l suGRURLEd to
and in COfTTTUI’# cation %\nwtﬂ t{iémlént et tg}rsﬁxl&na hgnlg%orilg 4?4. ST channel
may be reftethegaten3lds a U shaped coil. [0077] Process stream (not shown)
may flow f t heg.inl ] | 24 i tion
P R e e e L P
out| et man3ZOBl o tht2Bannklo¥ddv dfowevdretip BB is dBdosathshbotattiadly c42B! withidspict® may be
:)rG\C/)\e“r Zgg grre]:%ac;[t(pr %Vall%rfg ar];c{ rcl)g\g%tfs%x pcl?r%OE &Y gfetge' ChEQE&l%%.fﬁl%g, th inEerr]lge f?eg?‘nnel 420
20 spot (not shown) is substantially equidistant from the refractory wall 314 and outer right-side

portion 320R of the channel 320. As such, there is less of a chance for excessive heat from
flame 334C to impinge a portion of the channel 320.

[0075] FIGS. 5A-5C show another version of a heater 418. As shown in FIG. 5A, this
version comprises a plurality of channels 420 and a plurality of adjustable burners 4324,

25 432A°,432B, 432B°, 432C, 432C’°. Groups of adjustable burners on wall 415 are generally
designated as 332A-332C. Groups of burners on opposing wall 415 are generally designated
as 332A°-332C’. Unlike the versions shown in FIGS. 1A-4B, in this version, the adjustable
burners 332A-332C, 332A°-332C’ are disposed along end walls 415, 415 rather than being
disposed along the floor or base 422. In particular, as shown in FIG. 5A, the adjustable

30 burners 332A-332C are disposed at end wall 415 and adjustable burners 332A°-332C" are
disposed on end wall 415°. Each set of opposing burners provide flames extending

substantially horizontal to the floor or base 422.
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radi ant heating surface, as described above with respect to the other
versions of the heater. The channel 420 may have virtually any type of
Cross-secwpanioguucts4as circul ar, square, rectangul ar, ovaCTars2alem2920ke.
Preferably, the channel 420 has a circular cross-section with a uniform
diameter and is tubular; i.e., is not an open channel. [0078] As shown in
FIGS. 5A-5C, this version also conprises a plurality of adjustable burners
432A, 432B, 432C, 432A, 432B, 432C. The adjustabl e burners 432A, 432B,
432C, 432A 328‘ Care simlar t hos desc i bed .abaove but e
mount ed onl %A lend%%ﬁ%sshmme@f@e <G veflet g ape abe PHHGIO CHIREOATY he

floor 422. TRAScHah@m20 Rashli&-siaBveri e pSitiah £2001 &fr&'hib@r Yhded (PAt-si0EIREES ,
however, nore or | ess burners may be included. The burners nay be arranged

in a 2 x 4ption 430Reqrgesvhst thatxge eHaGFied by FeairalmpmiddhyporientioM. bihedeis 4328
arc di sposgge | {fé?tl@al gém@ﬁ @mﬁu Al rvgqaf Lili€ driidal g&uoﬁm LG d MR &aQfrrddpe

U- shaped channel | 1 ne of burners Is equidistant fromthe
| ef t - side rb@rcmnhog%iﬂzOlﬂleéqfﬁswlm@rmqabmm@i HOLpdpeauplsd t420RN cawpupigative mgth432 A

are di Sposﬁx@ ohi‘et%er@ﬂﬂ%%ﬂ%dl@h T O 1C§i‘(!ie Je'u[F m;lo‘?tflc‘}n @f()Rtlbc%uéEﬁrto filgdg portion

420L but they may be staggere burners 432C are |sposed in
a subst ant pcahmymmlon gt thel mlnetenmgaitmamffOdeéél r Bgihte-chaniel poy bd wferd@B@Rsaf t he

U shaped c§%£§ 420. Q her arrangenments may be used. For exanple, the
burners 43 432A -432C may be arranged ina 3 x 4x1 , ad4x4x2
or al x 5[0073 coﬁﬁmgmnﬁ&mmmmtﬂmanmmﬁﬂmmhnmnm:mhfmnumhbnmmmkbnnners and

their arra be.s ed and timz

r easonlzJ [ og“%wg#ﬁﬁ St °§th%\/@8gntf’§? u%ﬁ‘u&“ %(fnl &ﬁ%ag?lp@ﬁ?fg ae%?1§?19418 The
opposi ng emccbwai dutlétlibaniforiu®én HowetdrGhe inffeh 424 shdafusle P26 ingah &blldy mhgse
correspondi n ers; in other words the sanme nynber of hurners, in the
o ary antsarashdnR: 4 DR aES ey erte B uarnT Rttt AT IS 0 i 1 v or

i mage of tfhﬁlaﬂﬂdaaﬂ\@é Jurf4ded asdteimbed abd%fx?mh%’gpec[t&%@btha sioRAf @Rteh&. show a
top plan view and t heref or e, show only the to urners of 432A, 432B,

432C, and Aaannch4hmay heyo (’i“i“ﬁ”bf‘ﬁéype\/ﬁrc&’é* S%CE%V“:?HG\AF%‘}‘?B“ 58¢%ers di sposed

cl osests t 0re6@hduliNIToAPE thdtike. R abliONEYIRnel b0 Wisldl cileBlabigQLsstRAadvithhat t he
flanes fromthe remaining, |ower, burners behave sinmlarly as the top

burners shefPrmigmetss andis yEIS ;> iseot ameRGR Pl GS. 5A and 5C, t he

adj ust abl ergguginer 5 un%@@ 5A4§(2leus 4@%@1’3}1 al@g’g(%%pnsés?’z?@uﬁ[ﬁmfﬁéﬁugtﬁlﬁges 434A,
434B, 434C, 434A', 434B', havi ng gi 36C,” 436A
e

4368, 436@rasEda. |4§2121.31QAC %QSB 432,138632@3 adjugie buraggtS2ATHAE.| anes
434A, 4348432%3&%A’4§% ’43434§e 81m4]%45 tﬁ&%%%rlﬁémt)%dt%el rXouq?c'a%h laﬁ IendM th

respect to t oor 422, i'n substant 1 al | y the sanme horizontal plane. The

f | ames20434Balls484B415f plothe tl(ﬁl@r 418 rather than on the floor 422. As shown in FIG. 5B, there
are preferably eight burners, however, more or less burners may be included. The burners
may be arranged in a 2 X 4 x 2 arrangement. As shown in FIG. 5B, four middle burners 432B
are disposed in a substantially vertical line, down the middle of the U-shaped channel 420.
The line of burners 432B is equidistant from the left-side portion 420L and the right-side

25 portion 420R. Two burners 432A are disposed in a substantially vertical line left of the left-

side portion 420L but they may be staggered or off-set. Two burners 432C are disposed in a
substantially vertical line right of the right-side portion 420R of the U-shaped channel 420.
Other arrangements may be used. For example, the burners 432A-432C, 432A°-432C° may
be arrangedina3x4x 1,a4x4x2oral x5x 3 configuration. The location and the

30 number of burners and their arrangement may be staggered and optimized for process design

reasons.
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m ddl e burners 432B, 432B extend between the |eft-side portion 420L and
right-side portion 420R of the channel 420 but above the m ddle portion
420M (Fl GvO3BY0/11j3881] FI G 5A shows the burners 432A, #82RS2¢18220m wal |
415 and burners 432A', 432B', 432C on wall 415" in the first or neutral
position. In this position, the burners 432A, 432B, 432C, 432A', 432B',
432C are not angled with respect to the horizontally-extendi ng pl ane of the
end wal I s 415, 415'. Due to the alignment of burners 432A, 432B, 432C,
432A , 432B', 432C on the two end vvallsm%i .e., the walls being a "mrror

i mage" wi t WOV¥speklG. 5B showes ey prerengval dheplt this heptairds. 786eppogisgend walbm

mi ddi e bur pes S 4528 328 ol SCREAINY BR doftobohbifEBRUE!ih BcPOLAL B 446.
Thi s causes excesslve heat on a | east a group of channels 448 near the

m ddl e of tare ﬂuevézt:leqf bnmsrs Mhke fangpeengd @4, Pagapather way Gie opBAMhd endrwadind
burners 43 d the group of channels 448
due to rotzﬁ ona O“ ?’E%‘%géﬁ”%{ﬁ%‘wﬁ%‘ In t%e heater 418. In

partl cual ar[OOSO]aneEIGKBdA and 3@ Ahqw 4 Bp@landZACarch theref@wahaw bhig thegbp banelsr i ght

side porti f e ha l.s are th e, as, f Qr t he channel
shown in F‘i’%\%zg 43t2$h ﬁ?&;@? 4‘@2& 4\2‘1\%%' 0 O pOrds %féfsg(f 1nmeexcesm vel y
heat the gm@pnpe(béloqaham&elh@ 4ORF1{. BBS Ajlovkdver, itSa1 D anderdtdrel tbmrthbetlaSne432A- 432C,

432A' - 432 tilted to co sate for the rotation box. curr
shown). Th OIBH}CHSIF]%‘%%Q‘RW g Rers behgyessimyladyas the op “%‘i‘s‘é@%’;ﬁﬁ@ é‘{l ted from

1 degree tmdIT. MddRowLEIEICS. §Q aid SO thezofisableMuaie 43R Al f2pensbovabis’, 415,
415' Pr eferablﬁé t he burners 432A, 432A 432B, 432B 432C, 432C are
tilted7 2€ orgduse dames A3 A34Bh &GP a0 ¢ MR ¢ F34E hayipe £ Rbys36Ai ve or

negative d436%0h3@143@1@ ges3er 438edaRhoyes3siat B3gEIpRC UL, a@mrm@sm@s of
the heater.) Pr ef er abl y,. correspondi n%ébur ners are tilted the same ampunt

but in oppdEnesd3thrdBi HHS: 4y . BiBriteC evradsustaatially pills! Bilh Frapest W32B may

be tilted gdndaonees sé\%ganhmg tH@&%‘h@Hzéﬁl Oihe. ”Tl@éﬁla@ne@%ﬁﬂ?%%é&é&%ﬁn @y be
tilted +7 degrees. ies 436B, 43 g and flane tips 438b, 438b' are

now of f - se@udﬁietwfﬂeéﬁs@é*@t“@@ ?ﬁéﬁdrbeawnﬂhedﬁftﬁﬁemum41q1@nd5;«ght-srﬁ¢ ROT{RAY |
flames 5434 0R4c§‘€1§ chwaleL 470t 936% réF?ma&!Qg&'a%ﬁ@zoﬁ( 1%§§Bi I kel i hood of the

group of channel s 448 bel ng subject to excesslve [ 0083] Burners 432A,
432A" are 0P$tled K& 6habowswéﬁ burfibra g2 4.i498B 4384, 0n4i@®ﬁ¥15 arkebuthaséi2A’ o t he
refractive 1 en_ t first
posi tion. Afér?%t ﬁ%’zgd ust g{i‘l%}g’s@% f%‘ﬁ?rerggt‘#%g%{lﬁ%;[ﬁ%l g%ﬁi%n g &élj\r/%r%hg%?]t act

t he refract32BedN4l, H&ZMM?:ZBSi PRCant pot dogledenid 4PadCo t«ﬂlSEthaznellwekitaﬂn§o t hat

their fl ang t IJT) %16%%%%21&942? %Cﬁg aDul: % tﬁef %l;g%]{r%ehec%f burnelasc4t3bxe43%l ll%@CA 21%21& han

v\,henthesep urners re’in positiron. Tn't Sted
posi ti20n, 4A2Bnei33CA320: twkBehd willy (ie\ el wadltbamp at hérrerefngeC twithaespadtlts thé14. I n
other wor Surner placement), flames 436B, 436B’ from middle burners 432B, 432B’ often combine in a
flame overlap portion 446. This causes excessive heat on at least a group of channels 448
near the middle of the heater 418. The flames 434 A, 434A°, 434C, 434C’ from end burners
432A, 432A°, 432C, 432C’ often curl toward the group of channels 448 due to rotational box
25 currents (not shown) in the heater 418. In particular, flames 434A, 434A°, 434C, 434C’ cuzl
toward the left and right side portions of these channels 448, which are the same as for the
channel shown in FIG. 5B. These flames 434A, 434A’, 434C, 434C” also can excessively
heat the group of channels 448.
[0082] FIG. 5C shows the burners 432A-432C, 432A°-432C’, tilted to compensate for the
30 rotational box currents (not shown). The burners 432A, 432A°, 432B, 432B’, 432C, 432C

may be tilted from 1 degree to 30° with respect to a horizontal plane of the end walls 415,

415°. Preferably, the burners 432A, 432A°, 4328, 4328, 432C, 432C’ are tilted 7 degrees to
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flames 434A, 434A, 434C, 434C now curl away fromthe group of channels 448
rat her than toward them As such, flames 434A, 434A', 434C, 434C and their
flame ti p§0488A177838A , 438C, 438C are no | onger adjacemCTars2eozeot o the
group of shaped channels 448. This reduces the |ikelihood that the group of
channel s 448 will be subject to excessive heat or will be inpinged.

Further, positioning the flames 434A, 434A , 434C, 434C closer to the
refractive walls 414 heats the refractive walls 414, which provides nore
uniformradiating heat in the heater 418. In addition, heating the

refracti velndtdress imeitheeditestian G heinrths pasitynar nagaveclifeetion as des@bEGRIVE i nat i on

of tenper a%v?[ﬁ ‘?eggécft oecftﬁé? 9&%109?6%@%3&?? W@é&bl?%n’eib%n&ﬁ ﬁg%g -Elreﬁl:cltﬁﬁe Blt%hgeat er

418. [ 0084 A- show anot her Vversion
heat ers sheame dngpupd @Sm qp@@ﬂiB,dlractpmrlém iekymp¢, oadpemsf Jabidé: tyorenet 33 BIBDA- 5321

are posi t'gi’é‘@ﬁedo'? d&l}ges %\rﬁlggé%gn‘% q‘?rﬁdcﬁ% bl.tllg gxgdyao@ql el Q‘i’Hé:gt‘?%f | anes

(not shown extend e ver |ca d| rectron
bot t omSf i r Flagne bodiss 4398t m&B?end;ﬂmmsumbBﬂE 43&1@!]ammoabbfésélmmee@eammelﬁszL may

be situated in a refr 0 r I

o evi ool y SRUEPBRH TG he Tt VERA AT 7S A E S n il bofEREY 1

this versi DkblﬂhSocBofSl&l’glelliﬁ@ﬂtﬁartnﬂ@@él&hﬁﬂg\ﬁjbje(chonceﬁ‘B% haés shown in FIG 6B,

t he channe 0 extends reically. se or

therefore, tqog s ubStEfEi 43¥‘§y‘{3ﬁ§r @FI“@FCE fomhi’tﬁge‘ tiﬁsggég’f‘b]g%a?fﬁé})@ﬂcﬁ? shown)
from adj usthaldreactivl warsSH 1 HFAAWBSR thescIAWRYLI32 4283230 QW n ikie Trki@osi@Ba. Innisd ead of
having an arbor or. U-shape, the channel portions are undulatin t he

verti cdl |yt Resign. F?HF“F} S6hgA et A0 H1E GY“é‘cFOBS?CtéhUCE%‘ﬁH € B6HE 1+ bh %llﬂ‘li‘feyoc ess

stream (notyHH9WMC, agi@rﬁe filfdQo ik Beir MRAL kigd SB3(NA38CS RRWMschRMRSrhitREgh
undul ati ng portion and then noves through outl et nanjfold gnot shown) .

[0085] As HbH 4ithaopyhen tisae \aﬂﬂme@lca‘*%ﬁ g intthe fpt nopifiamelndheaditsiadavi ng

mul tiple Uﬁ&ﬂloﬁt biRRSs 4B 4PRS intdyQNEAc ALLNYe thGRRVANBL B RfoulePGoRgat er 518.
Addi ti onal channel s runnlnghfer pendi cul ar to the perineter channels define

at | east ofenesiFd4Actiddon AW ENM A hew ehewsy, from theteraip ofiehaggels dHerathahpe| s
form asgri g)waﬁioﬁ&ﬁrﬁ%}'c fy s%@&%hﬁ c%ﬁq;w&* %0d(iRoir ﬁelrhbiﬁl&% RS4334L A-S21F

of the ari wever annel’s may I he nore or S Su SeCtI ons.
[ 0086] As 4HEWA3FGI aFdl@Oﬂ@Aacamnﬁmclqsh@v th@igngsm aitshepcd shareicks 4482Mhi532L are

positi oned, ﬁl&?y&1&91%03%191?%8%'%%?8?%1[1@51{’ ﬂfbe%&ge%?oaéx%éss%ﬁ t'SF\%fFrab' Y,

two adj usta urners are po i'n" each section wever, nore
or | ess bubmersngrdyFiyeher, posiveia the lleaetd3gabsiel’ | BAC, Prief eloaetlltg/l;het he

ad) ust abl ere rlé{c[,tlr{/% rWsalls £ g e rgfsraccflvla QA il%f E%%Q}Jesa rlnlo umflogri? %mltmg

20 heat in the heater 418. In addition, heating the refractive walls 414 reduces the rotational box
currents due to elimination of temperature differences between the wall and the remainder of
the heater 418.
[0084] FIGS. 6A-6D show another version of a heater 518. Like the heaters shown in
FIGS. 1C-4B, a plurality of adjustable burners 532A-532L are positioned on the floor 522 or

25 base of the heater and produce flames (not shown) that extend upward in the vertical
direction (i.e., they are bottom-firing). As in the versions above, adjustable burners 532A-
532L may be situated in a refractory or masonry base 522. However, unlike the previously-
described versions of the heater, the at least one channel in this version is a serpentine-type
channel (FIG. 6B). As shown in FIG. 6B, the channel 520 extends vertically from the base or

30 floor 522 and, therefore, is substantially parallel to the direction of flames (not shown) from
adjustable burners 532A-532L. However, as shown in FIG. 6B, instead of having an arbor or

U-shape, the channel portions are undulating; i.e., the vertically-extending portions are
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the z-direction, however, they may be offset. Preferably, three adjustable
burners are aligned along the x-directi on. However, they also may al so be
of fset. [WOR%¥j0/HIB4 6D shows flue gas box currents 544 whatustypioeebé y occur
in a heater 518 such as that shown in FIGS. 6A and 6C. These currents 544
are generally rotational and flow countercl ockwi se. As such, they may
create a "tornado" effect within the heater 518. Wen the burners 532A-532L
are in the first or neutral position as shown in FIG 6A, these currents
544 bl ow fl anes (not shown) fromthe adjustable burners 532A-532L toward
channel s. (O0883d 51 d)-bed rtidRds A REctss FiRaMs(Ne3RAYBRLerpigjoslcedatiplt@rpensat e
for these I I r P44 j i 4 -532L so
that the fftg)tr‘rxglsshlg{r)% tttu?%le@dmra %?éal?oel &oe}nd?gégiqﬁdgﬁ%gg Ugg 05%{32[% g%%l? 'y oppose
these currgmte). puts the flanes relatively central to the channels, as
shown abov Lt h o, t. her [Sj . ot her rds, the flames may
be tilted ﬁ]r??%] anégg%gﬁlﬁrs*ﬁ‘f'% arngtézg?f%iﬁlaﬁq%(j?ércganiegﬁ a((:)h\fl\ﬁ)atvlrrul Ir%:l‘ltﬂtﬁpﬁ%nt s. In the
adj ust éd puasivtations, atkeipesifibrate®ng fetpesimoan)f thy leater 6[8. raddidneindbnelsr rent s 544,
In addition, the position of the burners 532A-532L and the currents 544
posi tion ¢ HEPE SHESTH s Bife pirereutRESE CBHGL Mo orC Sihoteirn SbETthe i al 1y
qui di st ankeabet wafﬁlﬁbrﬁpmsdhé ehefiaﬁél§ fodin agdidn m&ifa-abllhiﬁécmh@e\m;ufiﬁe méeﬁ;)heat i ng

and i npi ngenent, of__t he apnel s. [ 0089] FI 6C shows preferred positions
of the adj HOP&HPY %&%ﬁéﬁg OE@%A@%&B@W e BAS T I PTeB A8 5321 may be
posi ti onedsydtdegsy se. I n particular, burners 532B, 532D, 532G 5321 are
adjusted in the x-y direction only. | i ke the adjustable

I n ot her words, | L
bur ner'®sholi¥8¢ln FiEEhowndn FiéS- 08, andhbs e adipeiatiapiraerp 7 Hep 32 Lad e PeSitaned wi t h

respect towARnlcRRGLRRENONH2N AZRNE af (g hoHHd 18! BREr AN, Ywo BUE RS ShurRedhre 932G,
532F, 532H, 532K, 532L are titled with respect to the X Y and Z axis.

Bur ners 53pwitiAer SiEn pachsHeseriiqnn Homever mete oplesniauperamay bainelugat in oo

Burners 532Bcecd? DreRB3BfF, the 3dihstTBY bifert id &@951¢b5&%&a1@%955%%ti£1§ Adndlegr ees or
- 1 degree to -30 degrees. Preferably, burners 532B, 532D, 532G~ 5321 are

tilted 7 dégrelésciion. setegtheemappe offsefelyeietdly hreekgjudeble demerswia diighetspect
to t hqshorélggny(i 9!"&%8@9'(1%]‘”@%%%%;’%%%% a@gbzﬁgoﬁéézc 532F, 532H, 532K, 532L
sted to

may be adju egree to egrees wth respect to the x and z
di recti onsl0887]- 1FdegPebowofluchs Hegewests SPt thiaeiypilohlly, ocbwurine heat&328sudb32C,

and 7 dir el TARE GRS 0 PR By PSRRI ERRERY Og5or
are 1 degreentol@@wideghiesshothey miy dege eéiotrade’3dfedegiiee hewedttr T18sPéen to the
hon ont al LGy B sy, LS SL AR . BT Ro S20puE SR eSS,
respecd t os44hgov anmaanbiahog)dtond theladjuetable burners 532A-532L toward channels.
[0088] FIG. 6C shows the burners 532A-532L. adjusted to compensate for these rotational
box currents 544. Adjusting the burners 532A-532L so that the flames are tilted, rotated or
positioned to substantially oppose these currents, puts the flames relatively central to the
channels, as shown above with respect to other versions. In other words, the flames may be
25 tilted into and against the rotational direction of the currents. In the adjusted position, the
flames (not shown) break-up rotational currents 544. In addition, the position of the burners
532A-532L and the currents 544 position the flame tips and intense heat spots (not shown)
substantially equidistant between opposite sets of channels. This prevents overheating and
impingement of the channels.
30 [0089] FIG. 6C shows preferred positions of the adjustable burners 532 A-532L., however,
the burners 532A-532L may be positioned otherwise. In particular, burners 532B, 532D,

532G, 5321 are adjusted in the x-y direction only. In other words, like the adjustable burners
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[0091] FIGS. 7A-7C show another version of a heater 618. Like the heaters
shown in FIGS. 1C 6D, adjustable burners 632A-632H are positioned on the

fl oor 622wof2otda7tseat er 618 and produce flanes (FI G 7Cpcrhstolesotend upward
in the vertical direction (i.e., they are bottomfiring). As in the
ver si ons above, adjustable burners 632A-632H may be situated in a
refractory or masonry base 622. [0092] Unli ke the previously-described
versions of the heater, this version conprises a plurality of

hori zontal | y-extendi ng channels 620. Preferably, the heater 618 conprises
at | east t@h@W@h@ﬁm ég\@zéAB bopBdastaldp Himness gigsted with agsbect praanamaginany t h

respect topdfg,f &n%égang onS' B4 rs@BQﬂe 328193%1?%'%21@25%& 2R40Rd %K have

virtually any cro ction’such as ova ¢ircu square, rectangul ar,
etc. Pref ereamcyto then®, ¢ hahfekis B@@m 5BA0Bd B ¢ reanach mskdﬁlrsmrmukaaposmon

Cross-sect LO% Eu&?la ?%,%391%05%2 (I}]g be ¥1H9d B?I%qed%glee dfnér(enOt %hown)

and provid radran (Male} Sur as~pr ovi bove with
respects t oddghe tp rmdegnessl yPrefesblyi Hneabrym 632D, 5BRG BRI are tilted 7 dekrgas QCES S

streamenters int nl et fold (not nmoves.t hrough a _central
r 1o of Sierees s DeE e b eisn s A trrRel o P SO R B st ke £ of
(not shownj324, 688353727, pBem ad 30Ky 532 radj hesidallee tdauﬂd‘geereSO 83 dAn&3 Ahihar c
positioned between the c %gnnel s. Pref tabl e _burners

632A- 632H EXAENA e oHid 4WECH W gt 1 dagre‘fe {?2-% ﬂéﬁ%% Efeé@zg% BY6E e’ 2Cal ong

the x- dlrengOﬁhH:bgmew@QLaﬁusaqgaxk@&schgﬁﬁ§Wﬁh&ﬁ&mb@tmﬂﬁbmﬂﬁﬂmam%&erably,
t he agjgustabl e burners are substantially aligned in the

x- di r 0t i ohrelHaPengis Pt o1et: Bdbst ARt P2y 3 dqtir didsiante Frdsaiced -Ehannel s
W th respegdsrdeQo Isf@edegre@h mpkh&et to &&Q%ﬂ}oﬁal%ouzé\pfahpwsfefeﬁ%lﬁgwé% abl g

burners 632A-632H in 't first or neutral position. hi's position, flue
gas currenﬁ@%i@ﬁaﬁw fSﬁ%tIﬁeséi%@Wé#‘Gdéld?ﬁé?S t@%ﬁ?ﬁq:eS@QﬂNe@?eefB@O@ Thi s

produces '&Etg?e@sg%ﬁ%‘%e&%h%hﬁhﬂﬁx@altgx%uﬁ’d hey 620A or 620B, as described
above with respect A and”IB. [0095] FIG 7C shows adjustable

bur ner 632ﬂq09H t hElGSi 7-4t7Cubewtangher veriantuif g hpweri 418 ohike theciehtarsnbewiB2H i s

Subst 3Rt i afpgy. E@%bzacﬂﬁs@%é’%uﬁ%mr @3%5& @%&% OF&&@E@?& ARt gx'éz& PRzt al

i magi nary ground pf 634" 1S |sposed
subst ant i ap18yand ervidneel flamets I(IFIGeg@etbat ekgnd hpwaré lirsthé 20 Aca daeBi20B.c. . lHmypeveer , t he

638 of 63 d..¢ PHE GillBq B
tip 0 botttm% ffn CAS 1n4th 1519%%8§$e B Eﬁ%)éeog%ner ?%N—%é}%’&%}: geit sil%g%%gleao f the

posi tioned nore rd elt her er Wor
flame 634 neﬁyctdngodmms;ebhsaﬁiz- center with respect to 620A or 620B. This may

oroduce a PRT [ ERRe i R IARE S e okt s oReSRRBER n 1
1C, cuaor englsralf4df batrsatally-extending channels 620. Preferably, the heater 618 comprises at
least two channels 620A, 620B extending substantially parallel with respect to the base 622
or ground plane. The channels 620A, 620B may have virtually any cross-section such as
oval, circular, square, rectangular, etc. Preferably, the channels 620A, 620B have a closed,
circular cross-section. The channels 620A, 620B carry a process stream (not shown) and
25 provide a radiant heating surface (not shown), as provided above with respect to the
previously-described versions. In particular, a process stream enters into inlet manifold (not
shown) moves through a central portion of the channels 620A, 620B and then moves through
outlet manifold (not shown).
[0093] A plurality of adjustable burners 632A-632H are positioned between the channels.
30  Preferably, eight adjustable burners 632A-632H extend along the length of the channels

6204, 620B (i.e., along the x-direction), however, more or less burners may be included.
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flame 634 to |l ean toward 620B. This produces intense heat spot 642 close to
620B, which may damage or inpinge this channel. Tilting the burner to a
second posptoonicsat ers i ntense heat spot 642, as descr Pb@aSatiowes2es t h
respect to FIGS. 1A and IB. In the neutral position shown in FIG 7C flame
634 could lean toward 620A if currents 648 push flane 634 nore toward the
right-side. [0096] FIG 7B shows the adjustable burners 632A-632H adj ust ed
to conpensate for the lateral flue gas box currents 648 within the heater.
Adj usting the adjustable burners 632A- 632H, as shown in FIG 7B, in

par ti cul ar Prefarahlpghe adjusabledrgmars 6§321933Hareegbantighy disapdiingBoedirgtiprang n
opposite di g , LI . . ILVE. ners so
Chat they BB e R B et he
currents, PW84Li obIG W shbapthetailjpstaklnbuiners 6A%% 0hdhin thpbissonmenidl pedtitry
burners 634035808 10S LANLERLL Xa@l AN oL AL G ENRABAC) 5268 Ofli, 6208
This substantiallTy équidistant position prevents over hea i'ng or inplngenent
of the Schapméhes ift@B9Fdat ursmdrss tG3RE; 620321 6AGH, as desaribed aboteheithnesieceb

posi ti on. %é‘neirs 9? A, and 632h are tilted in the x-direction only, with
respect to e ﬁoainl htal ground plane. Burners 632C and 632F are tilted in
the z-direfosn oMy, 7(whbRs fdysypedtd bulrter bBEH hahé dnp@ltiogr ol pphidme theBur ner s
632B and 632G adjusted in the d z-directions. Burners 632A and
632h may bEUPFIEAH 1 PR foread bR et ol bSEntpl g oot gy
degrees. Ppehfd sbhe/0. e BEdyS6IBIE MeaDicheBIZ N AdpRsddisubseiifllodenifaltvathl5 degr ees
or - 1 to -15 degrees, Burners 632C and 632F nmay be tilted from 1l degree to

30 degileesrespect orhgaglsde04 and @By difreas: thpfigfas é%‘lhﬁl,ﬂafﬁ%%“effléy IO and 632F

are tiltedpddiiied cdn@al? bHEHERRoSKioncdIndr® towh HBeF €89\ orButB e uR32B and
632G may be adjusted to 1 degree to 50 degrees with respect to the x and z

di r ect i onsYeds-tir63§e thedlams 69%@%1 &g fiseesed pifsenderapihyresnselin 82&A 8328Band 632G

are 45 degigesnaQbe dfSodRALEES fIWd bdX JLBSRECTh B d3RENEreRR nfy YtJaBE&L 4 ONS.
Burners 632B and 632G nay be 1 degree to 30 degrees or - I dﬁgr ee to -30

degrees wi fehatively ptense hent spne Ohdrdiscenittd0B g A6 irvipn dle. 7(heatatsaldiyausgur ner s
632B and 6 ' r - 7 15
dogrecs. i B B P2 Y B0 BA PR M et e
above, evemyy Bunageror usoie this ehanngl. Véltisg thn bufnet the skevat pesiian cadicsdttalsee. As
such, each I I rNer i fQr IhC i
adj usting F%g&%gé?%ﬁg?\gé{\h%ﬁ a?%%{@(hg%ﬁ?cﬁ? gira}%l rllguagg%[ &%gﬁg&afﬁg‘i#y any
means for sopast FRg 7ChBabe b Herouhidyanbewud €804a s duongs 648 pukke flapan3t more
adj usting %I | g, Lihe I?C{Jerner to place the flame at various positions

14e.

. wa. c Il -S
rel ative to the ¢hann and

20 [0096] FIG. 7B shows the adjustable burners 632A-632H adjusted to compensate for the
lateral flue gas box currents 648 within the heater. Adjusting the adjustable burners 632A-
632H, as shown in FIG 7B, in particular, firing flames 632A, 632H and 632B, 632G and
632C, 632F, in opposite directions, positions the flames from the respective burners so that
they break-up these currents 648. The position of the flame and the currents, position the

25 flame tips and intense heat spots produced by burners 632A-632H, substantially equidistant
from the channels 620A, 620B. This substantially equidistant position prevents overheating
or impingement of the channels.

[0097] Burners 632D, 632E may remain in the neutral position. Burners 632A, and 632h
are tilted in the x-direction only, with respect to the horizontal ground plane. Burners 632C

30 and 632F are tilted in the z-direction only, with respect to the horizontal ground plane.
Burners 632B and 632G are adjusted in the x and z-directions. Burners 632A, and 632h may
be tilted from 1 degree to 30 degrees or -1 degree to -30 degrees. Preferably, burners 632A,
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i s capabl e of support the adjustable burners, which weigh anywhere from 100
pounds to 2000 pounds. Preferably, the burners each wei gh 500 pounds to
1500 pourmi®.20{0001B@] Preferably, the burners 32, 132, 232T/183R0/0288) 532,
632 may be tilted left and right, forward and backward and in between. For
exanple, in the version shown in FIGS. | A and |IB, the adjusting neans
allows the burner 32 to be tilted toward either the left-side verti cal
portion 20A or the right-side vertical portion 20B while being tilted
frontward or rearward é e., inthe "z" direction [00101] The adjusting
means rmay #1940 peElBdFRE7 1823 dagyees opgito - Bndegregs dBuineys 63263adi0g 2B @ay bE at ed
three- hund R4 AR | a&gf'&eyto d8QEHES of 36 (@#gree R?tﬁtdeg@esn@’@é'féam)/bdr&% 6H€ ARY
nunber earln s and gears or joints such as a ball-and-socket-type joint
or a doubl €3 2bzrd nlmddnosm%t@eltfft%szg@eq @i-hto - 1p degtedsnurnsisiBe R gnbpREkBey 0 t h

pi vot, Canﬁcﬁt%?efd.tto 1 Gk Qé(to%ﬂ%te% e&er‘;%ﬂJe!:é‘tS the%ﬂtz'dﬂgctfgﬁéas 196 rEce%OFGIt I on
means nay al' so |ncI anism Tilting means may I nclude a

pi vot and dagodes.nBeefeaabiys boers 631]33m1§1r6326rar®/tﬁjdetgre@mr Hh degreljs mathiregpesig@ans may

i ncl ude neans f end| th I r C
domnmardly%‘fﬁﬂiﬁﬂf“% & gﬁ%%gs or a (g ggm@ %?%”830d'16%(& p&zg%t%e ans
for IocklngothgﬁaﬂmUQE@hheobmmnenmﬁﬂgmﬁﬁ&ph&ﬁZﬁdBﬁ@W,&B&xs5323mﬁSBZGn

D ace, v ARAILY GOIRNS R, beyusgd o LRELOg N IARE 3kl P 2o

nechanlcalgbmkaﬂ&erence mnth the rotatlon, tilting or pivoting of t he

bur ner ddi tion j.usting nmeans i nclude an el ectro

means IPor @8? Sti ﬁ@vr&ﬁ@eﬁ? RRP- r?dglmmsw%gfn S50 Vﬁrsbqﬂa%léhe ERCERK; i a‘% 8
shows a CUAQWRY, x8IChdj @b budnep 06rhhrdBs Mband férlfudRGAnd Qasiavdjuging ifsipb@dobur ner
32 located in a refractory floor or base 22. The burner may be any

adj ust abl eVhiirihisOniRsE it BEd herein. In addition, the burner may be | ocated

al ong a wajgpodiat el bty fﬁeaas mggustme%ebdam%ﬁ%ehmlay%g adth¥ @leghOdr Of at
| east one adjustlng neans 70 furnace 10 may be that shown in FIGS. A

and | B. Ho¥kiseng aliqws\ihq hurgss t‘hl?iél@rtbﬁt baee atatous wesibens et vede s gharapladdment
nmeans [gay f %aﬂéﬁfe%g 's@g@ltt %rad}ﬁgtraﬁl'e (Bﬂﬁleﬁf wfu@l? w@:féﬁ @@ﬁﬁxele[ O 96d pdih& t0820§@ ows

t he base 22. The has first face an opposi ng second face
22B. The bHB@dQZ%dh@bWh@Sbmmmép@ﬁﬂﬂﬂgbﬁﬁb@Pmbtglﬂﬂhwuﬁﬁor channel 27

cont ai ni ngyy Pgtﬁ)abuﬁl%%'%abﬁgouébﬁﬁleﬁ'@ P P§0dysed, by, the r&ﬁrb@%ﬁtcc?%g gﬁg extend

substanti a pwar opening. At "t’he openi ng aroun
peri et er, righg, fpe‘fatrdmtddqaykmé kiidhig bg®veer Weor lsxamge., ip the rvenvioo shayraimiddeS 21A

ext ends f r O t]%;ﬁlefaﬁ Mquhe -[lbl?el %Q?Iggeetglteg%\?qéalﬁ{%hr g?&kggeaat one end

for allomnn on1the urner ug se 22. The
20 Vertlcal portion 20A or the right-side vertical portion 20B while being tilted frontward or

rearward (i.c., in the “z” direction).

[00101] The adjusting means may allow the burner 32, 132, 232, 332, 432, 532, 632 to be

rotated three-hundred and sixty degrees (360°). Rotation means may include any number of

bearings and gears or joints such as a ball-and-socket-type joint or a double ball-and-socket-
25 type joint, rotating mounting bracket with pivot, cam-shaft, crank-shaft or the like. Rotation

means or revolution means may also include a locking mechanism. Tilting means may

include a pivot and lock mechanism or a lever. In addition, the adjusting means may include

means for extending the burner 32 upwardly or retracting it downwardly.

[00102] The means for adjusting provides also comprises means for locking the adjustable
30 burner 32, 132, 232, 332, 432, 532, 632 in place. Virtually any means may be used for

locking the burner 32 in place such as locking screws, teeth, etc. or other elements that

provide mechanical interference with the rotation, tilting or pivoting of the burner 32. In
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chanber 27 has anot her opening at another end which operates as an air
inlet 35. At air inlet 35 may be a series of danpers 37 as is known in the
art. The wbantyen787 may be virtually any shape and have Peirase@ologozany
cross-section such as square, rectangular, oval, circular, etc. Between the
two opposite ends may be a bend. [00105] Extending upward from the channel
27, toward the opening in the base 22 is at |east one burner 32. The burner
32 conprises at |east one fuel pipe, in this case a gas pipe 29, which is
in comunication with at | east one fuel source, which is a gas termnal 33.
The bur ner adblicaydingiias meansapaygndepers ckchonerbAnica msensgr ‘rﬂl‘éﬂlég tdeckitown) .
Coupl ed tohe@as RighRe29, at the end opposing the gas termnal 33, is at

| east one flanme holder 3 1 fromwhich flames 34 are emtted fromthe
burner. W t0P3]i nFE.iBophoviad fusavety seetionohanpiépn of7a fugnage 10 kaysne owed biireter til e
25, which 8%% %@%%’1@ actté?% BE&IO?%EsetzaeTﬁbé‘&mérma?y%e P A AHIERRndreat Trom the
bur ner. 6 e a jUS nent neans O conpri'ses at [ east one turntable
702A, 'ﬁOZBdamlw@H@d:lrt dn ta&cbtl@edmrbdrrﬁamey boBcwéd dldre dadbrad@r thipm ahasnt abl es

702A, 702By . n e e
second facehigﬁneq? 2?%%}58%2&3% O%ggea%( B)r%g @Eﬁtééh’fér%y&&?@%%@‘g%gq%%ﬁgt end,
whi ch i s atheaghed it BIGShéAlhads €B. Hndewr,seediric lmtm‘stadsct thathboburgerdadognnect or .

The first edtl ta tached to 22B andi.sfif>§§ in its position and the
second end?PLTPEY AR B IE BERIiOHYT Lar PR %) 5{}?‘%& es the first end and the
second end[oomq t BIGhtsabbesthd 03827070 Ba’SSZEBz{la‘bi;téadanZAchabn BeposSia séchndi t her
t he cl {:%@te cl ockwi se direction, in the -d| tlon C%ypledto
the se ond aé?'l £ 14 HIAF BLOPEHYIR SXAFIE ad’ﬁ?i‘“ﬁ“@l"@%‘\? (ﬁ%\t ! is a
connect or @327 Odfimeliepr6 QREES) @E bildér32, HAd BxbmsubRarfially @hwhrd Bgougkrach

sl eeve 706A, 706B houses a rotatable support 708A, 708b. The rotatable
supports 7B8APeIB KA AReoReanERIYnd @Cﬂ’ﬁré‘nffﬁli’ apiragiasy prckme23. The PuBHed to each

sl eeve 706HeniR6B Hagbér 370G enfUtond #HAperiAOE W iRard. Oe ASmBern@Ihad dnvipeRRSi i ON
of the rotating support 708A, 708b. Rlso attached to at | east one of the

rotating stppeerd frosipwingp lrge 3¢ lpegls byyp 33 fyedendriboegh base 72 JTheor

Provi disng  afnbBdd Ciak bR opddie: 4t Ghéthdr¥Rd %&hfobé?@te@efs Ahg ifef At 'Aﬁ%rgrﬁ{&po”
708A, 708b. [00107] To adjust the position of the burner 32, at |east one

t ur nt abl e 7D2AY byopmies ef dagipais 8d agistkhewn &1 the i 151@ Gempg i meydeosrRMIEe.
Rot ati on Og duﬂ%jrrbtlld |h§\%>5\g )&Qﬂg 8%&8%30 Ltﬁm sgghbhs sﬁ%cB réc%ngmg? @zﬂ Jn%ﬁ'i“ft} Q”e of

the rotatin ers tating at least on e rotating
menbers 70BAweTOBBtwe offpositesindemay FO6Nd706B noves rot ati ng nmenber 708A,

708b t owar [ ween . r (QBA, 708b
and gas. pi L0 Fr PR Rom bl PP LIBET A IRIRE (U
turnt &0l e 1Z82Anpe WLGﬁGB 32n ThdeurogrP@sptnprises at least one fuel pipe, in this case a gas pipe 29,

which is in communication with at least one fuel source, which is a gas terminal 33. The

burner 32 may also be coupled to a burner mounting plate (not shown). Coupled to the gas
pipe 29, at the end opposing the gas terminal 33, is at least one flame holder 31 from which
flames 34 are emitted from the burner. Within interior walls of the chamber 27 is at least one
25 burner tile 25, which are designed to protect the chamber 27 from extreme heat from the
burner.
[00106] The adjustment means 700 comprises at least one turntable 702A, 702B attached
to the second face 22B of the base 22. Two turntables 702A, 702B, one on each side of the
channel 27, may be attached to the second face 22B of the base 22. The turntables 702A,
30  702B have a first end, which is attached to the base, and a second end attached to a
connector. The first end is attached to 22B and is fixed in its position and the second end is

rotatable. A bearing surface separates the first end and the second end. The turntables 7024,
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direction noves rotating nenber away from gas pipe 29, which may nove
burner 32 into the neutral position (FIG 1A ) The burner 32 may be tilted
or rotat esoi2nioany7sdi rection. Which direction depends up@oTiiseeto/opaeont abl e
is rotated and, therefore, which rotating nenber noves relative to the gas
pi pe. [00108] In addition, the heaters of the above versions may have at

| east one sensor (not shown). Preferably, the sensor is positioned on or
near the channels, in particular, near portions of the channels that are
of ten damaged due to excessive heat. The sensor is configured to read the
t enper at ur é02hare Fanablg of forsing 8pQ°iip pithsF the lockWan oo persiock vise diggslien. In 1D t he

sensor reagsyiRct HMRELALH AL BRbnd Sddk 1R rttnﬁ@@l\4§7 @ AL82 881l RN ?‘O(me' mim
tenperature, the sensor activates the neans for adjusting the flanme's

posi tion s@0Gth#ta qoneectar ApEA, |79413(0%@0(1‘“3@@%694/év@§3fm&3’rhetamgmb@ﬁsBﬁChand
over heat Ed?lp&re%@ b5 hb e??rgcﬂﬂ%le sx@ﬁ%‘?%@\ gLic ilt]}&%tgébl@gx?[{}a‘bl[t?m el sewhere

and be configured to rea ent I tioAs su as wn ocity and
di r ect iSon. 708bere ¢duplediontle Ywhercdas pipardet Stighedivcedddecac poEd & mialeck nut

vel ocity, Hlﬁ\ SEOE f chorrpguarr]élgt%e r@sﬁlg quﬁe %galtllﬂ‘g tsﬁp%g{t %@y{‘ S]O%Q ﬁ%l) lé{t?échgche

burner to conpensate
conmuni cat ® d Gaithec attheistdting sipgpartS 08N, mm adteastioht axtgh@mbmtmemlfm a

St o RO bl o 5 Badion ™o BB Pt R ot e,

Thus, the HONEYr s Twhdjhst el povitioeaf the biRer 3a Pt Ganed e taﬁgawsvmt7ooﬁ ig he bur ner

in response to anbient condition 0010 The rner J
aut onali calordjed eiige ?‘ff‘ﬁ?wfsﬁé?r %%‘H?Bcﬁ Jk J&ed o8B &H%ﬁg?ﬁéto “rﬁﬁ@ gﬁf dj ust ed

manual |y by2p ok el Bast bk mlﬁetﬂoeauhglfnemaer@o@mwesla(R@ﬁamsgmmzt Jxeyf e coupl ed
to the adjustable burner. The conput erz 7| ncl ude software that interacts
%FH’E or

with adj us{qtarﬁ’@o FRSEREs <034y @ﬁﬁtW‘%ﬁll%sé@ﬁ’e 8o oM ss 19dfipgs enhd BEpnéibvi a

conmmands i RMEd hilnd: BR FRMULEhiact BrrAG irdth@Y mddier GO UORE aliB¥s PBe QQ nfi gured
to adjust the position of the burner in response to t’he sensors.

parti cul artilttthebyrag 3. (AE- bR Reeinggt leasd ArfalHEbi AR Andld inHke prﬁ@r in
response t g6 At LRGN LlLPAST FOSipEXATRIS: m&yﬁﬁo@%ﬁﬁn\éﬁaﬁﬁnwé d

allow a user to input a predetermned Sensor threshold tenperature. The
sensor mun@trﬂlemuph &l6e perDednment? oy bredicdgr podted orinp flirgaien.cWarhel . | f

the tenper g6, @ﬁ%né& naﬁﬁ%ﬂﬁ%ﬁbl?ﬁs@@é@eﬁﬁm [Pﬁe‘ijef&fér@ﬁl@f? o‘?atfng ure, the

sensor woul d sen to the conputer e conputer o) tmare woul d
activat e adpustélageretiagat wpiove the burner relative to the channel.

[90L10) A OGNSR BT\ e B R DR S SRS 0o
append®d cihmivne Rbforably, the sensor is positioned on or near the channels, in particular, near
portions of the channels that are often damaged due to excessive heat. The sensor is
configured to read the temperature on or near the portion of the channel near the sensor. 1f
the sensor reads a temperature that is at or above a pre-determined maximum temperature, the
sensor activates the means for adjusting the flame’s position so that the flame is moved
25 farther away from the sensor and overheated portion of the channel. Sensors may also be
positioned elsewhere and be configured to read ambient conditions such as wind velocity and
direction. When the wind velocity meets or exceeds a predetermined velocity, the sensor
communicates to the adjusting means to adjust the burner to compensate for the wind. In
particular, the sensor may communicate to the adjusting means to move or tilt the burner is a
30 direction opposite to the direction of the wind (i.e., into the wind). The amount of movement

or tilt may be based upon the velocity of the wind. Thus, the sensors will allow real-time,

automated adjustment of the burner in response to ambient conditions.
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construed broadly to include other variants and structures which may be
made by those skilled in the art without departing fromthe scope and range
of equi vawenor/11Tisus di scl osure is intended to cover anpCadspiiaioeoens or
vari ations di scussed herein. An apparatus as descri bed above with reference
to the foregoing description and appended drawi ngs i s hereby

claimed. CLAIMS: 1. Afired heater (18) for industrial processes conprising:
at | east one channel (20) carrying a process stream (28), the channel
having at |east one inlet term nal (24) and at | east one outlet term nal
(26); at | B4%Q9]onEharngs may b pdipsteshiaréqrpriicallh payrih fhg agnsow, pedeseried abYKf i gur ed
to heat the GRARNRJsURBAENR thllenBlely GADAONG, PUSHRRerlo cRAD G SE Lo be
adj ust abl e betvveen a neutral position and an adjusted position.

heat er of eluglemtathe adiostailnbirne. Bhe eronpuled 2)ayiicledsndlitgur ddt ngeracy Wlthr eI atl ve
to a nount f . up I ur ner
(32) is co%#%&ﬁg h&%%guéhgtﬁgattaeuféerfw%hng?ﬁ% Lés‘r?fth()e:‘;[J L]?{ewl#calmg\#}agrlﬁl% Q’ethge) bur ner
(32) i s com‘rmpgtmrelil additioe, th@odnanlﬁeimta@ bpo@1ﬁg11md to adjeshehepdfitist edhposidriion. 5.
The heater_ of cl Ief ttheportl on

20
(200 GBSl g P BRI IR B b e FEHRF SR WRAT 1 e

adj ust ed pmﬁha‘.rlnﬁ)fa:sp(ﬂlsé uopprc( %érnﬁ)ﬁedtcbﬁhn‘ldranﬁox(e&él)qpiesthelscﬁp@sedousdlaﬂdsxant| ally

central with ect to th ef t Llﬁ 2’8 ﬁlortlon 1% ddtle portion.
6. The hea‘t‘sglrtod‘f‘ “6!"‘Beﬂ*?ti‘m‘ eSF%ﬁOh HOUAE RGO e TEUY POH 51 Peast a
portion of tehlbefaﬁ‘ulreaaml fiedd ) phitionot th@c}thhiﬁd’le[f tﬁ@é)npmammﬁettdr eneddealaoser to at
| east qne wal | of the heater t the wall than V\/ner:l, t he

bur nertY% s P‘ﬁdect@ri@“ﬁélﬁlfr?sémdﬁ%?ecr?tbﬁ tg“@Is “‘T‘Pfé"’ ﬁeéﬁaélﬂnﬁlt%ihﬁ]c‘imﬁlﬁ?fpr ey ng a
plurality @mdatt BRI or@Rfk $HANAENSe alfi8MGinkbahd 8 nfv8 RS unedfedativt famged in a
grid and wherein at |east two burners are positioned wthin each section of

the grid. ghannghe heater of claim 1, conprising a plurality of burners

di sposed smbﬁoﬁnt Aﬁlllc!u%h ma: H%atlsﬂ Wh a&easm% bh%P Bfs b0dn dek@ivdy I ety drher
conprising a urality burners disposed on a first wall of the heater

and a cor r@@mﬁﬁéﬂ fﬁ'glc'ﬁir%irlélslrloyh@ﬁe%b?fﬁ‘ér Rathar, thegippesder clairs sbfuld be heat er,

15 construed broadly to include other variants and structures which may be made by those
skilled in the art without departing from the scope and range of equivalents. This disclosure
is intended to cover any adaptations or variations discussed herein. An apparatus as
described above with reference to the foregoing description and appended drawings is hereby

claimed.
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t he second wall opposing the first wall, a plurality of channels di sposed
between the first wall and the second wall, wherein in the adjusted

posi ti on,wewveryiibisaner is tilted relative to the walls. PCO/USTNO/0b®0E er Of
claim7, wherein in the adjusted position, the burners are positioned so
that the flames substantially oppose rotational air currents within the
heat er .

CLAIMS:

1. A fired heater (18) for industrial processes comprising:
at least one channel (20) carrying a process stream (28), the channel having at
least one inlet terminal (24) and at least one outlet terminal (26);
5 at least one burner (32) producing a flame (34), the flame configured to heat
the channel,
wherein the at least one burner is configured to be adjustable between a
neutral position and an adjusted position.
2. The heater of claim 1, wherein the burner (32) is configured to tilt relative to a
10 mounting surface (22).

3. The heater of claim 1, wherein the burner (32) is configured to rotate.

4. The heater of claim 1, wherein the burner (32) is configured to be locked into
position in the adjusted position.

5. The heater of claim 1, wherein the channel (20) comprises a left portion (20L),

15 a right portion (20R) and a middle portion (20M) and wherein in the adjusted position, a tip
(38) of the flame (34) is disposed substantially central with respect to the left portion, right
portion and middle portion.

6. The heater of claim 1, wherein in the adjusted position, at least a portion of the
flame (34) from the burner (32) is positioned closer to at least one wall (14) of the heater (18)

20  to heat the wall than when the burner is in the neutral position.

7. The heater of claim 1 comprising a plurality of burners and channels, wherein
the channels are arranged in a grid and wherein at least two burners are positioned within
each section of the grid.

8. The heater of claim 1, comprising a plurality of burners disposed substantially

25 in a line.

9. The heater of claim 1, further comprising a plurality of burners disposed on a
first wall of the heater and a corresponding plurality of burners on a second wall of the heater,
the second wall opposing the first wall, a plurality of channels disposed between the first wall
and the second wall, wherein in the adjusted position, every burner is tilted relative to the

30 walls.
10. The heater of claim 7, wherein in the adjusted position, the burners are

positioned so that the flames substantially oppose rotational air currents within the heater.
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