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| NVENTI ON FI ELD OF THE | NVENTI ON [ 0061] The present

invention relates to a high efficiency, |ow em ssions

fired heater unit utilizing positive pressure with a

vertically arranged convection section. The use of

positive pressure permts fojced convective heat

transfer which reduces the necessary size for

heating, which results in a conpact furnace design. It

is cont apAareANCED RIRED HEATHRUNIT ROR USH IN

accor darREFINBERY tANDIPEBROLCHIERITA D A PRLICANGONSSed i n

refinery and petro-chem cal applications. D SCUSSI ON

OF RELATED ART [0002] In petroleumrefineries and
BAGRIGROUNIOFRTHE BNWBENTIONed heaters are typically

enpl oyed because these heaters can provide a higher

| evel of heat, which typically can not be obtained
FIEUDOFOrTE TINWEN TN Sour ces. The conventional fired
heaters presently in conmercial practice contain a

radi ant section, a convection section, an air
[00bi pheatrE pAddnt!idvenbB Wi BYLNRgR: effdRnEP YRS dndlsions fired

section i$ located on top of the Tradiant Section. The
heateg nydic tilizing mIveiivef prepaire gvitte ot vesticallyc airangedaganvaction section.
The e A 3sRive, RELER! Bk o QAU R < HRAY RREIIONBhich' felikes the

heaters utili ze prehea ed AT to faxi mee heat &r
necedsrycisingc for Tietimpnwdwich gnsulisf in e dosgiaer Surnegei design. It is

r ' i: d .dr gwer d . .

coni AR 0 gt it 1 RpRBREE R brsp iRl opin ve
used reredimbiyeantd pediiorclemitileapptiesteatser and then to the

heater. The induced draft blower w thdraws the flue

gas. This arrangenent, however, is prone to the
DISCUSSION off REDAMNBIMARBNMDI ent air. The ingress of

anbient air has a negative inpact on the operation of

the heaters. As a result, the conventional fired

[OOPg]\?t Ier InMpetroRANP NRKAEARE: 3nd3 p&erBlchBnfRe  pIaXGE Shred2 heaters are

typically employed because these heaters can provide a higher level of heat, which

typically can not be obtained from other utility sources. The conventional fired heaters
presently in commercial practice contain a radiant section, a convection section, an air
preheater and ultra low NOx burners. The convection section is located on top of the
radiant section. The convection tubes of the convection section have a horizontal

orientation.

[0003] The conventional fired heaters utilize preheated air to maximize heater
efficiency. The conventional fired heaters require a balanced draft design with a forced
draft blower and an induced draft blower. The forced draft blower feeds the ambient
air to the preheater and then to the heater. The induced draft blower withdraws the flue
gas. This arrangement, however, is prone to the ingress of additional ambient air. The
ingress of ambient air has a negative impact on the operation of the heaters. As a
result, the conventional fired heater must be operated at 3 % or higher excess O; levels

to prevent combustion related instabilities. This reduces heater efficiency such that



to prevent conbustion related instabilities. This
reduces heater efficiency such that WO 2007/ 146439
wEONWE2097/ 014163 -2 only a typical maxi num PCT/US2007/014163
achi evabl e heater efficiency of is 91-92 %is
attained. Reductions in efficiency result in
increases in total NOx and greenhouse gas em ssions.
[0004] Wth an ever increasing demand on fuel, its
rising cost, and at the same2 tine tighter regul atory
control on em ssions reduction, there is a need for a
fired heater that maxim zes heater efficiency while
onlye d utyipigl eniusisiumnsachiélvhlslenhmieresﬁ'a@rmbd 9f és<i951t-32 %nis attained.

Rl B R R0 A P by B gpssons
of the |nvent|on relate to a fired heater unit with
{gh efficiency, |ow em ssions a t desi

[0004); ¢ Withi 40 wekinpreating dearag o I\Aﬁrf BONE GOt A ftelie same

tin{eUSintGORSHIARIr) @BntrS136H % ssRonS RET@Yios atlﬁbﬂ%% adedd For a fired heater
correspondi ng reduction in NOx and green_house. gas

thag maxdinizes heatgoefficiency whilgrredusing enpysiqnge Thisnegd especially exists

in lanYe& HehRR %a%r'thér?ﬁocp&ﬁkﬁmﬁﬁ pressure (i.e. above
atfrospheriC) within the fired heater unit to prevent

the ingress of anbient air. It is contenplated that

BRI $EM&R"Y’@?%I@§1§VE&@QN”HV be operat ed under
poSitIve pressure ization of positive
pressure operation permts the operation of the heater

‘[Oiﬁé]bl t \é}iﬁtpﬁc \é\%‘%nbeo)égeggtso él' r1]nev b 1<qu1J %la%nto ﬁre)%fzﬁga%rogmt with

|C|ency an
highOé&fficientiy elout ehlissidnscandod cpomphatt dr@lgﬂ ehﬁmasesmehaiteo Bfﬁcwncy
w1$| so,perm.,ts L@r ced convecgtiyve heat transfer

FERMGRRrefyeer Ul PORSBER PP iR, ' Feh FIARES g & Sofrcsponding

rediRfibh AINOX arldGedithd e gad Bmidstynged convective heat
transfer decreases the effective convective heat

transfer surface needed to heat the process fluid,

[00d¥Ich rlﬁg%ea% LS URY PreSdrd SnvenBOR® ufifizd ﬁasﬁﬂ%tﬁ}%sure (i.e. above

aspect of the present i nvention to pr0VI
atrpeiphede) withinethei fred hegtarimit tonpievens ihalmgress gfi@mbient air. It is

coﬂt@ﬁ%‘ldg@d IIa&l Iﬁfese II‘Q Sirld h@ételhﬁx\ﬁ@ n{aﬁ%eaé)ﬂéfat@& tuﬁagﬂ ﬁ&sltlve pressure.

|ns IS arrangenent enhances heat transfer
The mttlizetlw ot @ggtlm: wireksure operation permits the operation of the heater unit

with lower excess O2. The reduction in excess O results in higher efficiency and lower

emissions.

[0007] The utilization of positive pressure operation also permits forced
convective heat transfer from the flue gas to the process fluid in the convection section
of the heater. The forced convective heat transfer decreases the effective convective

heat transfer surface needed to heat the process fluid, which reduces the unit size.

[0008] It is another aspect of the present invention to provide a convection section
having longitudinally finned vertical tubes. The tubes have radially extending spaced

fins. This arrangement enhances heat transfer to the process fluids.



WO 2007/ 146439 PCT/ US2007/ 014163 -3 [0009] It is
anot her aspect of the present invention to provide a
wo Roogd4dagnt er having a conpact construction. HEEUS2007/014163
uni que arrangenent is acconplished by |ocating the
convection section between the radi ant sections.
[0010] Since the heater in accordance with the present
i nvention operates with positive pressure throughout
the heater, only forced drafg _bl owers are necessary.
No induced draft blowers are needed, which are nore
prone to nai ntenance problens than the forced draft
[008Ver St is[d0Mk} asgieict bft'hﬁg)rés&ht atvertiaf to promidg)a fired heater having

throughout t he heib t he heater can be %{ tﬁd al oo th
a QORRRFt Sopsirictigs. | atgn(&e grranggment 1§ Jzé:ﬁorgpﬁ ed by 6{1)ca ing the
corivRefi o bectioh ivetvedemythe tadidh stotiaiz. be achi eved.

Additionally, as a result of higher efficiency, an

estimated 3% | ower NOx and green house gas em Ssions

Q)(] be gi5&) ireeheAdeint cho?dﬁfce f\k‘ﬁlln tflé &Jkébgnt [eh8dn pefites with

ot her aspects can be realized byt pr esent
posiitive: prasewre thmughoiltsthedleﬁ@ést erlytforeeds dra@dﬂwaltsare gpessary. No

mdpg%[ a?l%meb% Q’etn‘é'le&%d: SHict Sletrh 6/ IPILHQFQ fiﬁg?ht%ﬁ%@e problems than

sec lon wth'a convection section of vertical
thetfohedalra@ blawéren | ocat ed between the two radi ant
cells. The convection section design concept in this
invention is unique to fired heaters as follows. Each
[oonl]e l FU’dilElﬂngi oonedt deft sadl) Qﬂroﬁ)@ﬁ&ltstl'& téater, béechennet can be

nt ed finpe C f
oPTalsact e Pt (G YebtiBn A “RBGPOEREY hemel Hiffency of
95 89 Cas &R dbhidved aAudardRipahd ¥ rés&itfc&Qthlie,t dfﬁaedcyqahadsnmated 3%
sl eeve formng a flue a,s shel gegg 41% t{c))row dj g
lovesfOK gpd Eresa hpse ERTRMITRES P Re Balz3d i PRV PL i rne
section enters into the top of the convection section,

exchangfs heat with the process fluid inside the
[0QXe, fihese and othes appacts eache svaliged) by R prgsent igventipme gvhich is

dué&&‘l el Metdhl?]éﬁtéfrhﬁnt {ﬂa't‘ CQQ&SSJ] &lin @efll 6&%Ba1t HB@ box type radiant

imlar tot conventi onal doub
sednmatmtbﬁcctmg@mn ﬁmgn tOIf e'eftﬁq@é tehesori¢rdation bﬁaﬁeéwé\ls‘@en the two

radtié)nttclgﬁs PERE ggxﬁvechﬂl gecft{o?x\r’]ﬁésgg c%%@eﬂtq{? ?151% znveﬁtlon is unique to fired

combination o curren
heatensnae folbaws. erEachI whe | in élacdzprp'asmn Feation| censigaof shbhte and a

se%?oxﬁ (? g %ag 5% 1o|nn\?r‘3h !@ngltugmaﬂ q’m%e& Léubbees?c’ hﬁ%t ﬁr‘)lwédct%bé Rection of
each tube is encased within an externally refractory lined metal sleeve forming a flue
gas shell and thus providing a path for flue gas flow. The flue gas from the radiant
section enters into the top of the convection section, exchanges heat with the process
fluid inside the tube, first with a bare section and then with a finned section within the
flue gas shell of each tube, similar to the flow path in a conventional double pipe heat
exchanger. Thus the flue gas flow with respect to the process fluid flow in each tube is
a combination of alternating co-current and counter-current flow in each pass. The flue
gas shell around each tube is welded into a tube sheet which in turn is welded into a
flue gas plenum. Flue gas from each shell exits into the plenum and flows through a
high efficiency air pre-heater unit and then ducted into the exhaust stack. Ambient air

from the forced draft blower is preheated in the air pre-heater unit and then ducted into



flue gas plenum Flue gas fromeach shell exits into
the plenumand flows through a high efficiency air
wee@sheaser unit and then ducted into the exhaPst/US2007/014163
stack. Anbient air fromthe forced draft blower is
preheated in the air pre-heater unit and then ducted
into WO 2007/ 146439 PCT/ US2007/ 014163 -4 the burners
| ocated on the heater floor. The forced draft
bl ower (s) provides the prehgated conbustion air flow
and the required head (typically 25 inches of water)
for the air and flue gas flow circuit throughout the
the h&mners loGited eori shen (helltﬂdLﬂ'D@d- dThé tfordedwdraft blowen(s3 provides the

prefe &0 Pl hoh oA NRR FEIRRRE Hal ey BRARG 25 AEnSh water) for

the hﬁ%&ﬁ ﬂlfé%ars&ﬁjvaaitrcd‘iemmu@loﬁembIheater.Eﬁhérerlsado amtuced draft blower
heatl n% section includes a heating element. The fired
YUt further includes a convection section
operatlvel y connected to the at | east one radi ant
heating section. The convection section is vertically

[004B] ent & aeertdinte| Wil #spacty ehithe BrfseHYPRIA™ Phe ﬁf%b%ﬁf unit
1ncﬁ895y 9{: iéa@qo&%hldmnt\ﬂ%ﬁttlﬁé: Qéctf(oﬂb CEH RlalaAk heating sdktibAAncludes a

es results 1 n | ower nalntenance
heaﬁng mqmnto Thefirpdh Heaterunit frthep inphdes grr@nyecdion sgelien operatively

congg&%élnt% ﬂﬁd?t &P otlgvﬁﬁlaﬁp%teaﬁlﬁﬁ'sg&ion A PRI thRVecBbn section is

convection tube iIs ﬁeratlvely connected to the
vertitallye astentade anddinghides rat alehstg one crdrtieally] @oienied| gonvection coil.

VeREEL RN GFichldida’ RinPLpS Sipdrili® BIHel res AL tn Abwe Snintenance.

convec an I nner tube
Elifaination qffinduced drafiibibwer awid ngsdcieed dhetingy hdd Kha lower cost design.

fluid .n d. b
A RERSERE b b BT b hfBelothint 1R e i

heafing@uétedn.t ube extending al ong a predeterm ned portion
of the inner tube. The outer tube is spaced fromthe
inner tube to forma flow path therebetween. The flow

[Oiﬁqt] h myy idieldidiee avith et pRRBnt 3Vehtior, 4tiensl NBe fdtnleast one
| oCat ed t herei n which extends out vvardl fromthe

corivesiaan fulisenelodes eh ier SihediavingBrocesicifflpvaRE Sheretiongh. The
pro#:or % elgd @4 hddi&d bP S lée@p@ne RAEne ABRIHACABN. Ok adth@onvection tube

convection and w der spaci ng between the fins
alspingludeszAn guter tuberatendineolpng g reedeteraniped pedion pfdhe inner tube.

Thd 36tk GHHE i GhcBI HoR 1) infbNAiedB form a flow path therebetween. The
flow path may include at least one radially extending fin located therein which extends
outwardly from the inner tube toward the outer tube. Each fin extends the length of the
outer tube. The combination of the forced convection and wider spacing between the
fins practically eliminates fouling of the finned tubes. The reduction and/or elimination
of fouling helps maintain design efficiency and lower maintenance costs. Each of the
vertical tubes preferably includes an internal tube surrounded by longitudinally
extending fins. The tube and the fins are surrounded by a refractory lined metal sleeve.

The outer tube preferably includes a refractory layer surrounding the outer tube.

[0015] In accordance with an aspect of the present invention, the flow path has a

first open end and a second open end. The first open end of the flow path is operatively



of fouling helps maintain design efficiency and | ower
mai nt enance costs. Each of the wvertical tubes
woe@as@Bd y i ncl udes an internal tube surroundedI/ibg2007/014163
longitudinally extending fins. The tube and the fins
are surrounded by a refractory lined netal sleeve.
The outer tube preferably includes a refractory |ayer
surroundi ng the outer tube. [0015] In accordance with
an aspect of the present invéntion, the flow path has
a first open end and a second open end. The first
open end of the flow path is operatively WD
cor@0A1106he 9t REFV UB2GAHND healdde sediononWelbt this arcanghment. flue gas
fro*neﬁl%tat st %)ﬁlﬁg h%q'gnt @1@%[&4@6&1‘8?%&1&"1}? t \é'ﬁ&vtplaﬂrc‘throucﬁh the first open
arrangement, ue gas rom the at least “one radi ant
encheFhe ffilye poe ticts o Emtler heatthe forosesp fukd ¢containgh within therinter tube.
open_ .end. The flue.gas acts .to. further heat .
g BEQnd OHep 7 5o SRPRFTES GRbeth 108 i ilisph!fiyg gas wraveling
threwgiothe fdpe pathnekiisthe flemapati ehyughotheaeéed dpenaend iatoutive plenum.
such that flye gas travelin t hrough t.h 0 ath ..
The letuly Reonereliyebisannidih G paheeGh Bofquebial b fihes exiting the
flobhgath teRuIR throligh the plentin b Girélidave|ynitcwhigre @He flae gas preheats
preheater unit such that the flue gas exiting the
ther IneIMIPG AMPIEBAL s t hr ough the pl enum to the preheat er
unit where the flue gas preheats the incom ng ambient

air: [00161 In accordance w th another aspect of the
[09k6ds e ntInjageardencsrvith paothey asperkef de present veeliomidie fred heater

unig1 ?r‘bcﬁﬁéjesdi ﬁ)%edbcir?ﬁ?iow@ erfeOfor &l &Eﬁf%%b%%ﬁ?gliﬁzgﬂi)i%gﬁair to the

lent air to preheater unit, i . i
prehgatehamif, Whightis ghen rfadi tanthehatdéast opecradignt hepting section. In

o FARRSEE O oSS SOl L LS8 o ooty
ambieat samend maneg thet renér dlaoegh (the theatks wuilc h Ast hechhdbe deeater unit

unj er upder positive pressure. [00171 In
°P%%%%P8§%U%%&§f rgﬁggher aspect of the present
invention, the fired heater wunit includes a first
i ant. heating section and a second radi ant heatjn
(odfl {orn e Sereth aRefheeeme: Wﬁ%ﬁﬂﬁgsegbm%ﬁm Jheofired heater
unit @ch@sh # Firf HRGGH a5 §8ctiin AP a GREMRICIaURINt UBAting $46Bn. The
that the convection unit is |ocated therebetween. The

firstigndisegorf betingrertionsaie losaied PRPPOREINE Sifles ipd dhe ppfvection unit
sudl Ba€38e bhiledBoRunithR 1BEAEE SRerbbitivdeh O Hik MENsebHRd radiant

heating sections heat the process fluids as the process fluid flows through the

convection unit.

[0018] It is contemplated that each convection tube may have a generally U-
shaped inner tube. Each inner tube may include a first vertically extending section, a
second vertically extending section, and a connecting section connecting the first
vertically extending section to the second vertically extending section. The process
fluid flows through the first vertically extending section into the connecting section and
then into the second vertically extending section. Each of the vertically extending
section may include an outer tube extending along a predetermined portion of the

vertically extending section. Preferably, a first outer tube extends along a



convection unit. [00181 It is contenplated that each

convection tube nmay have a generally U shaped inner
W awe/14dEach i nner tube may include a first verPCT/aEB1097/014163

extendi ng section, a second vertically extending

section, and a connecting section connecting the first

vertically extending section to the second vertically

ext endi ng section. The process fluid flows through

the first vertically extendiéhg section into the

connecting section and then into the second

vertically extendi ng section. Each of the vertically
preck‘mrﬁnd&d}gortmecqf ither ﬁmwemnaﬂluceectmdlme@ﬂonm %&Q@ﬁél%&f tube
e 8 gt D ELELFLESB A Lodlirt B SRbbine sction. &
ﬂov@phWSo@dtwbeﬁve\é@tﬂ@ﬁﬂeicﬂlﬁﬁ%&m/w&ﬁﬁ ﬁibél@ﬂ the gnner tube

py edet er,m ne or of the fir vertlc
and3he serari gL b Ead S relithind Bl 2P} 6§€da second open end.
Eachl f36 89&:113 efdief @lﬁd‘ﬁlﬁﬁ)dpaﬁa rif Io@Braﬁﬁ/eltyhlamﬂeﬂeddh d% e Firstadnkdysecond
ext end] ng section ow path,is |o et t
radiopih heatingbwcaaRs BB tat the B &6 in, Bae°ha?1'3thﬂr%r5$ Pe‘i‘ﬁ@efadla“t

hea@ifig s&gﬁ)n§ QAR RS J‘dﬂb ehrobate he fiWopad BndsSEacH of tie second
open end and a secon

open end. Each first o
opepfends is anesai ek PPWC@SEFP Aoy spehhthat flug EppiTYRling tgré’t“gh the
flov} ShS Gk ﬂsacﬂaan{hotigﬁme%céﬁ&s p&ndgsuch that the
ue gas I n each of the first and second radi ant
heating sections enters the flom1path t hrough the
[OﬂflbiSt 2R& a%laqﬁhelf%ggct? ﬁt%lgwil Bg i @ppdrent when taken
ratlve y connec 0 a p num suc at flue gas
in cbnpmetwm withithe defaileddescription pad Aprsuded dn;aw;ngs ow path
t hough the second open end. [0019] These and ot her
aspects of the invention will becone apparent when
BRIEK BESCRIPTOONUQE tTHID DRAWINGS det ai | ed descri ption
and appended draw ngs. BRI EF DESCRI PTI ON OF THE
DRAW NGS [ 0020] The invention will now be described in
[0090!2 UNghi Mventibh will odesOanRABEd Eh cohj@witiod Svittnthshicempanying
1 is a side perspective view of an advanced fired
drawingsdp WHeEh: i n accordance with an enmbodi nent of the

prepRAt1 sSWEAL bBRpective view of an advanced fired heater unit in accordance

with an embodiment of the present invention;

FIG. 2 is a schematic diagram of a twin cell vertical tube box type radiant
section of the advanced fired heater unit of FIG. 1;

FIG. 3 is a partial perspective view of the convection section tubes;

FIG. 4 is a partial perspective view of a convection tube illustrating the inner
tube and the fins;

FIG. 5 is a perspective view illustrating the convection heating section
according to an embodiment of the present invention; and 4

FIG. 6 is schematic view of one radiant heating section adjacent the convection

heating section in accordance with the present invention.



FIG 2 is a schematic diagramof a twn cell vertical
tube box type radiant section of the advanced fired
wheavatcsanit of FIG 1; FIG 3 is a partial pepepestoovel4163
vi ew of the convection section tubes; FIG 4 is a
partial perspective view of a convection tube
illustrating the inner tube and the fins; FIG 5 is a
perspective view illustrating the convection heating
section according to an enpgdi nent of the present
invention; and FIG 6 is schematic view of one radi ant
heating section adjacent the convection heating
section in accordance wt h the present invention. WO

present invention wll nowbedescrl bed in greater

q%ﬁall I n accordance wth the figures. A fired heater
[0 t 13h Presept inventionwilhnpw e deseribes inreripcdetail im aggordance
witB TR HolRA! Rfﬁﬂ'eﬁqleﬁfef-‘%ﬁﬁtld &Vi?l%t'rzﬁ@d il .14 fr?gc&?éjuﬁ%mdth an

unjt 10 includes a forced draft [ ower Unit ,
embedipientef Biegpresant dnventigna Thei ﬁregrlen@auert I$hinchudes aToeced draft
blo@v@{: 6R4 l‘i”@fxfch sg*)ﬁl‘ﬂfsrarﬁﬂ%ﬁt a]hltoséipzﬁl- *)Feieﬁtgleuﬁﬁﬁ enfheaff)ﬁced draft

to air preheatet” unit 12 under tive pressure
blowigr waid 1d sappligs| tbmmbmttalrltm a@qomehcaésr urgt hunderi postthe pressure.
u
The F5580 0688 ok it 117 lithves RY Sy BIOBR Reds pnig 10 wncier
posifive pressued © praveu gie mgsesalof agpbieeairer unit 12 as
illustrated in Fig. 1. The air then travels through
ductwork 13. The ductwork 13 is connected to at | east

[0022} r athanrimbi@atdin easagtMth@&rt prehéifat ekt uni As Aﬁsuated in

rk 13 s, the preheated air to th
Figy Ed |1g’ﬁtm‘f1 Pty éetgf"l"'@ﬁ dpgtwork b ebherfagivpried3 s connected to at
leadt ¥k Qzﬁﬂmﬁt&%ﬁhﬁ sectidal1406¥ thd hkstePdnit $RSThe Hﬁcth\ﬁﬁk '1@ Gupplies the
el enent 141. The heating el enments 141 further

prefgpied, pia e dhe dadiprt heatingssegtion dfip| bewied ﬁa‘ﬂmeaew Fadiant heating
secfiG@llg I%Qatq}e&%ﬂé hleétjrn% Slethdd1AEr e 1MRG eléﬂér#tg‘tihg further heat

heat source. el enents 141 a e prefera
the preheated @iy I\JO‘:S me@tedmlwtwchamnm elementiél &4 abm;ner or other

suitBbRMRAt bty tﬂhgllﬁaﬁ'ﬁg bi bRk L14 Q&%feﬂﬁ? Wtfea Y8EWOY burners

which have been commercially proven in multiple applications comprising of varying

heater size, service and duty.

[0023] The radiant heating section 14 is surrounded by tubing 142 containing the
process fluid. The heated air within the radiant heating section 14 travels upwardly, as
shown in Fig. 2. Located on one side of the radiant heating section 14 is a vertically
arranged convection heating section 15. The convection heating section 135 is oriented
adjacent to the radiant heating section 14, such that the radiant heating section 14 and
the convection heating section 15 are operatively connected. It is preferable that a pair
of radiant heating sections 14a and 14b are provided, as shown in Fig. 2. Both radiant
heating sections 14a and 14b are operatively connected to the convection heating
section 15. 'With such an arrangement, the heated flue gas, which is produced when the

ambient air is heated by the heating elements 141, is directed into the convection



heater size, service and duty. [00231 The radi ant

heating section 14 is surrounded by tubing 142
wa@oeowaidasng the process fluid. The heated ai rP@i/UBt007/014163

the radi ant heating section 14 travels upwardly, as

shown in Fig. 2. Located on one side of the radiant

heating section 14 is a vertically arranged

convection heating section 15. The convection heating

section 15 is oriented adjgcent to the radiant

heating section 14, such that the radi ant heating

section 14 and the convection heating section 15 are
heatS’rPée s&dtionel ¥ 16 Heieteastocdst flhfidp pedstrigtireugthdie eopaction heating

radi ant heating sections 14a and 14b are provided,

Semhglb%omn in Fig. 2. Both radiant heating sections 1l4a

and 14b are operatively connected to the convection

heating section 15. Wth such an arrangenent
[0024ht edThé cenvgation hentinlg seetign b2iudld @owmwc?qsm edaWtB‘é‘ﬁFr detail in

confs Sy, e B RSO i a1

positfonbe detwepnsthe tpaimoflfadiant heating srstipnodds gnd |1dbdsThe convection

G o YA IS DR SousEl oy,

verﬁ’&‘ﬂ@fl' &hefdihg tgbease rincdﬁdeﬁ;l 4n finher dobn d62 itbrought \hhlléh gb¢ process

muid afronragires i L5 prfadf HEPRAERERTard ndtf b fpner rbe

152hents Bﬂafg&f%ﬁlel tﬁf@ﬁtgé%&teiﬁdbdﬂm d&-re?man:t allong theearttiradength of
section i.ncl udes  a ality of verti.ca

e B o4 BAS8 BSH LY oSt bt o 53 s

frorh ke fidHelr $6IRS1 NsUARBA eI 6@ puu2 158 IisDﬂijﬂlethhérhbéthIECn A plurality
process fluid flows. outer tu 3.exten

0]
of radinllydettending @@S|1é§gftxﬁelts# oytprdly ?mt pennergyoe |1?£ gWards the
outgtlr &be rl@?'v@itﬁlh%e hb& ]5)&t'l§ Q54t tipe hkaScslRstifine 158 @t sufficiently

ong the entire |eng t he i nner, tube 152 for
spaceh yothin theaflow path Ué&o‘i?epf&m‘ﬁr fonting mighip fhe oy, Béthllj%"' which

cou'lc? P% Q%%ié%l ‘té)t {i%msftp Bn 'tllimﬁt e'i 5o ﬁo%ﬁqesﬂlg’gz{s Iiﬁ§51ﬁg Eﬂr@Wgh the flow

d t her ebet ween. lurality
path aditalThy osser dulzti 1§ mansomtam mwtmre Braﬂmr kaygr ﬁéam t he
i nner tube 152 towards the outer tube 153 within the
fl ow path 154. The heat conductive fins 155 are
[00';'151]f [ CIA&nplleyxousgameﬂumddb ithe tolneerftubev 153t doek Sbttaxtend the entire

length 4] tq}e {n?lgxl' Itu%% i/g g&cﬂc !cu? Vgnpagégmélnqd'bpemngs 157 and 158 are
formed at opposing ends of the flow path 154. A first opening 157 is located at an

upper end of the outer tube 153 to permit the flow of flue gas from the radiant heating
sections 14a and 14b into the flow path154. The heated flow gas flows into the flow
path 154 passing over the fins 155, which heats the fins 155. The heat is then
transferred from the fins 155 to the process fluids located within the inner tube 152.
Prior to entry of the flue gas into the flow path 154, the flue gas contacts the upper
exposed portion of the inner tube 152. This results in the heating of the inner tube 152.
The heat is then transferred to the process fluid flowing through the inner tube 152.

[0026] After the flue gas travels through the flow path 154, the flue gas exits the
flow path 154 through opening 158. The outer tube 153 is connected to or extends into



could be forned by deposits on the fins 155 fromthe
flue gas passing through the flow path 154. The outer

WO 2ee/146E39 may contain an outer refractory | ayePCW/582007/014163
[0025] As previously nentioned, the outer tube 153
does not extend the entire Ilength of the inner tube
152. Wth such an arrangenent, openings 157 and 158
are fornmed at opposing ends of the flow path 154. A
first opening 157 is |locatedgat an upper end of the
outer tube 153 to permt the flow of flue gas fromthe
radi ant heating sections 14a and 14b into the fl ow

a phiih546 TdvatddeabRly fth@V%oﬂii@ctfan\lY_éatiiﬂ%] Qebtith f1150W WR@! Buch an
g over the fins 155, which heats the fins

154 passin ; ) CIN,
art ."Eeﬂtre&ﬁe?PO’i“% opering 168 dp decatadewithin the Plengrnnks. 185 shown in
Fid O, Yhe pRMAGEL$8 if lcBhsltdd iMbichl it 3ne i
1%52 Br ior to 1e_r?t ry of %ﬁ%@%ﬁgg&ﬂg@’tef %18 l?heﬁ“% gl\t/ii/g gas, which
exipathg conyectigieheating sgetion: bh intotthe P?@uupylé rtravelstodbel air preheater
#®ant | i S | | LS ] he...
R O MARTE o e R el RS pogerldl Suft 3 &% bbb BFiting through
stagk Yhotsshpem indighle process fluid flowing through the
i nner tube 152. [0026] After the flue gas travels
t hrough the flow path 154, the flue gas exits the
[0627dw pdtis cobtemplated glint deeinhagubb 852 Will makeanultiphepabbd through

i s _connected to qr ends, into WO 2007/ 146439 . .
thersnf SRBBePoh FeionTs & AR fors™s BEMEe Hapir iicghsection of the
inneptube diSRowil himaluds an e itae 153 thW¥ éfteSdiCdlodda predetermined length

fﬁ{?r.an errgm:1 t.he, second qopeql?sng 158 is_|pocated wthin
of {hydnp 40,198 in fhe W esceri dggboir,e, Y6 Brtesnghvenicak section of
thedanstaabe d52 hdlikesal donféﬁ;ﬁiiﬂﬁ{%ﬂow}iaih foAmed iRerbardindl %@ onnection
ich exits the convection heating section 15 into

wh ! . .
porfings (%Rt T authepPerandHewsr pndsr efifba vertical sectionspof the inner
tubshienetot RairkétUthe WSw RIFGRERLS e 1R8I vRRRIAE ALt for a pass

before exiting through stack 17, as shown in Fig. 1.
throughp the cpnyectiopnheatisgasestionnbt. t Heis Aerdhert cantempfatedi tHat each

Rkfo ing! - ' in :
cofRUf NidinR SofE PP el M phaf 6 WG TollE el s2. witn
such aatareangements anorg itirasy onteurecess Zluid tan babbated bam single tonvection

heaﬁiﬂg%&ﬁﬁl i{fat extends along a predeternined |length of
thé 1 nner tube 152 in the manner descri bed above, such

that each vertical section of the inner tube 152
[OOnglngg ?1%0% 0L §F &‘81-@9& I?igaf{ ldgg}lgg a&'p[h fp%rsgﬁg Igrgsesru?eatthorgggﬁout the
heater unit 10, air ingress is eliminated which thus allows lower excess O, operation.
Lower excess O, results in a correspondingly higher efficiency and lower NOx and

green house gas emissions.

[0029] As shown in Table 1 below, it is estimated that the present invention
provides a 3% increase in heater thermal efficiency, a 3% reduction in NOx and
greenhouse gas emissions when compared to a 100 MBtu/hr conventional heater
utilizing an air pre-heater. The increase is more significant when compared to a

conventional heater without a pre-heater.



portions can be formed on the upper and | ower ends of
the vertical sections of the inner tube 152 to

wo ed7newsd t he fl ow of process fluid into anot heeT/US2007/014163
vertical section for a pass through the convection
heating section 15. It is further contenpl ated that
each convection heating section 15 may include a
plurality of separate inner tubes 152. Wth such an
arrangenent, nore than one_ pfocess fluid can be heated
by a single convection heating section 15. [0028] As
a result of forced draft design with positive pressure
t hroughout the heater unit 10, air ingress is
el i m nated which thus all @abld bwer excess 02
operation. Lower excess 02 results in a
correspondingly higher efficiency and

HgpteeRynsoud &f ﬁ@:érnygsqté‘ﬁgzﬁml??ﬂ‘é‘] Ai‘N SIS Tab 2b m;f;;‘}“s
bel ow, it [i% 8 rat ed Y, e prie 2 Itog%//?p N (HHV) and
provides g 3% incriease in heater tlhermal effici@ncYykTods/Yr

ConveitbR UC T T[0T 3T NOK—and 1zgfRENNOUSE garo26/1.5Si oS WRE1.5
fireEREgRAr ed tjo a 100 [MBt u/ hr _conventilonal heater

ConVidnitibaad1 Ng [an 82 r {r e- head®ts8 The i|ncr e8425/1% nore 126/64.0
firesheyter Mithant when gonpared to a canventional heater

s bR o pre; heatler W0, 3007/ 46430 REHHE2007/ 04D
gd"?‘l‘lﬁ‘-?t“r&‘bl d 1 PRatgr Typée? 5 ¢ encly Heoz\él(ysglzﬁed T 1h't|7r’62'3
e PM'ssilons €02 |Emissions - LHV % (LHV/ HHV) LB/ MBTU

prehe;

CHAEV)—Ltb/ WBTU—and Tons/ Yr ( HHAV) and KTons/ Yr

Conventional 83 120/132 0.020/11.5 126/71.5 fired

heat er Conventional 92 108/118 0.025/13 126/64.0 i
[008D} ed Wesibes nwidifications sar heamade in the invention as described herein,

and many different embodiments of the device and method can be made while
remaining within the spirit and scope of the invention as defined in the claims without
departing from such spirit and scope. It is intended that all matter contained in the
accompanying specification shall be interpreted as illustrative only and not in a limiting

sense.



Advanced Fired 95 105/115 0.025112.6 126/62.3 Heater
with air preheat [00301 Various nodifications can be

wora@e/ 146334 he i nventi on as descri bed herein, apdI/DeIY7/014163
di fferent enbodi nents of the device and nmethod can be
made while remaining wthin the spirit and scope of
the invention as defined in the clains wthout
departing fromsuch spirit and scope. It is intended
that all matter contained injthe acconpanying
specification shall be interpreted as illustrative
only and not inalimting sense. W 2007/146439

CLREWISYS2007/ 014163 CLAIMS: 1. A fired heater unit
conprising: at |least one radiant heating section,
wherein each of the at |east one radiant heating
SeClIOnAhﬁﬁﬂﬁ&ﬁ&nhﬁﬂ&MﬁﬁnﬁhgﬂEnt | ocat ed thereln a
convecti on sectloqﬁﬁgeratlvely connect

d
| eadk legsfeone; padignt P ﬁ@chcghcxtflixegﬁm S %qt ﬂ-let ﬁ;eleast one radiant

hea€i8p \{€G1dnHAVERCA h&finBaVéMehtdbcdt@bthbredte vertic al | y
orrented convection tube, wherein each oi th
| eadcoBYRStiOBrFPEten SReTtiNelyamAgetehdp 4be gblgpst eB% ﬁ@d%l&oheatmg

sec$18n, eBdin! #feS koﬂ&&ubﬁdb&iﬁbnhﬁﬁlhﬁ JatS §&dst Ohe Zlertﬂ%ﬂK oriented

Ire eater unit according to claiml1, wherein eac
conygctidne tube, Mhgrain ¢aeh of she at d¢ash opgtgen i Wibp Ppeing,operatively
' fSatidoWctiidd. oW ng theret hrough,
cmﬁﬁé@éf%H?%%m%¥%§g§§BE§?u%ﬁn@%%%% heated by the at
| east one radiant heating section and an outer tube

ext endi ”E%ﬂﬁ i IR

tubg @ﬂerel e ou erg%ﬁ%g 'S spgégglgﬁbﬁgﬁﬁé |n%ggmtone
coriviebidori mbk ecompaisinigow pat h t herebetween. 3. The fired

heat er, unit, accordi n l.aim 2, further go i Sing;

e b e SR Pod R, e G DB e proces
fluidB iy Blayed/byt thierat tdast dheadiaat Reatingasetidie ahdner t ube

t oward thepgyter t wher ei n each .of , t he, at

S
one 2R e e extenélllng along a predetermined portion of ‘Sxe inner tube,

wherein the outer tube is spaced from the inner tube to form a flow path therebetween.

3.  The fired heater unit according to claim 2, further comprising:
at least one radially extending fin extending outwardly within the flow path
from the inner tube toward the outer tube, wherein each of the at least one radially

extending fin extending the length of the outer tube.

4.  The fired heater unit according to claim 3, wherein the flow path having a
first open end and a second open end,

wherein the first open end of the flow path is operatively connected to the at
least one radiant heating section, '

wherein flue gas in the at least one radiant heating section enters the flow path

through the first open end from the at least one radiant heating section.



extending fin extending the I ength of the outer tube.

4. The fired heater unit according to claim3, wherein
wo b@7fllasy path having a first open end and a BeTD/ORm07/014163

open end, wherein the first open end of the flow path

is operatively connected to the at |east one radi ant

heating section, wherein flue gas in the at |east one

radi ant heating section enters the flow path through

the first open end fromthe @f_| east one radi ant

heati ng section. WO 2007/ 146439 PCT/ US2007/014163 -12

5. The fired heater unit according to claim4, wherein

t he5sec@he fiegFlcatstdimitSaccORRARd ¥ainy 4C MRBREA 8 seBoil open end is
pIenTn1such that flue gas traveling through the flow
OPEAHYPTY SRPRECTI0 # PURUFRENCH Hhidhvegrs tvelipg typush diyflow path
exift thd ABw paiR thob@AIURS sedBhd op&E Bl Ng to claim 5, further

conprising: a preheater unit, wherein the plenumis

operatively coupled to the preheater unit, whereby

thegflu Iobd Rt L N Er t he

ol g £ AR eater Rl Con gt toRghith . AL Cc i)

uni & raelesiati wyt, twherkiai theoplefumt iseopecativsty spwjed do the preheater

. fed b " [ ' [ t
unils N8Ry 4 thie "6 BB AR S5y B BAbel® huchy 4 plepugn o the
prebéatemmily. wherei n each of the | east one convection

tube further conprising: a refractory |ayer

surrounding the outer tube. 9. The fired heater unit

acc@r di Tbe thoed hedator hnit wkesding tdelaith 6, fafthe0e@mpAdhgni forced

ting section incl.udes a first radiant heating
dragc:b?:?vlvslﬁsqufég% TROISACFRE éﬁed’éelbeﬁ?ecrﬁ‘é&' convection unit
and a second radi ant heating section |ocated on an
oppgsi te, si.de of the, convection unif such that t ‘
oo ect T el Boates it BRI P QAT ReRbersin Cophelthe depst one
conveaidi tubB ifitrtiae eonghrisihet 0 cl ai m 9, wherein each of the

t | east one convection tube conpri Sing:
are%actory ayer surrounding &e outer tube. P J

o

9.  The fired heater unit according to claim 1, wherein the at least one radiant
heating section includes a first radiant heating section located on oné side of the
convection unit and a second radiant heating section located on an opposite side of the

convection unit such that the convection unit is located therebetween.

10. The fired heater unit according to claim 9, wherein each of the at least one
convection tube comprising:

an inner tube having process fluid flowing therethrough, wherein the process
fluid being heated by the first radiant heating section and the second radiant heating
section; and )

at least one outer tube extending along a predetermined portion of the inner
tube, wherein the at least one outer tube is spaced from the inner tube to form a flow
path therebetween.

11. The fired heater unit according to claim 10, further comprising:



an inner tube having process fluid flow ng

t her et hrough, wherein the process fluid being heated
whygoorhessBd r st radi ant heating section and the BeT/ORZNO7/014163

radi ant heating section; and at |east one outer tube

extendi ng al ong a predeterm ned portion of the inner

tube, wherein the at |east one outer tube is spaced

fromthe inner tube to forma flow path therebetween.

11. The fired heater unit §?§Qrding to cl ai m 10,

further conprising: WO 2007/146439 PCT/ US2007/ 014163

-13 at least one radially extending fin extending

out sl Yond LAyt Behdify Makktenfingnmithardipneithihuthe flow path
toward the outer tube, erein the_ eac

th t .
from s funh Exregaard 150 eTdHBr YRR WF CoRPRthe Fdeqsb Ags frdislly
exté}xfdl Cglﬁn Qﬂfeﬁam Yhe len%% ofﬁ:ﬁ@ oliler @sheheat er unit according

aim1 erein the flow path having a first
open end and a second open end, wherein the first open

end,; pf s eﬁI‘édfm% pat i a%cm%{d Xﬁgﬂt 1§ ORRELE the! o Bth having

fi rs radl an eatl ng section an he second radi ant
aﬁiseapemgldswampndvhpﬂeemdfl ue gas fromthe first and

fﬁ?\% % { aﬂ1 "j‘ffrflstr (s) ee}lt érﬁgois tq %?ﬂ&%&)@t*l@@ édnﬂ@ét[?@tt@ the first

s open en one
radfaadhmitngfseaﬁcbmgldsmmsemd radianflatihgsectidneat er uni t

acco ﬂtl}g c%lﬁ?éocr{l éﬁe figst an eral BN§ S8 1 gﬁgg rée@tﬂqmssérﬁers the

opeV enum suc ['ue
ﬂo\b (n@htthé Giglopthend from thatah leastoresratiiant hdatimg pa¢th>n
ough the second open end. 14. The fired heater unit
accor ding to claim 12, wherein each inner tube

COMps.i STREfiréd hédidtuniLadcofdihg Yo ekimridi, Mhessn thostcoad open end
second vertically extendin %S i on; and a éﬁgfe Ehn% th
is opetatively eqsmagied itng Plenam sycly thabilpe gay frovalipe “.%5 ow pa
exu%qﬁé ﬂeuzﬁé?hkﬁlﬁxghftﬁ&&résnasﬁéﬁ&ﬁi |y extending section, :
wher eby ‘process fluid flows through the first
14. The fired heater unit according to claim 12, wherein each inner tube
comprising:
a first vertically extending section;
a second vertically extending section; and
a connecting section connecting the first vertically extending section to the
second vertically extending section, whéreby process fluid flows through the first
vertically extending section into the connecting section and then into the second

vertically extending section.

15. The fired heater unit according to claim 14, wherein the at least one outer
tube comprising:

a first outer tube extending along a predetermined portion of the first vertically
extending section; and

a second outer tube extending along a predetermined portion of the second

vertically extending section.



vertically extending section into the connecting
section and then into the second vertically extending
wGeewvilea39 15. The fired heater unit accordi ng POT/TEE0OM14163

14, wherein the at |east one outer tube conprising: a
first outer tube extending along a predetern ned
portion of the first vertically extending section;
and a second outer tube extending along a
predeterm ned portion of thg second vertically
extendi ng section. WD 2007/146439 PCT/ US2007/ 014163
-14- 16. The fired heater unit according to claim15,
whggei The Fhd hbavs wat focbaih@ e claink i 5 sivhapimeaehdloanpath having
second open end, wherein the first open end of the

a firgt|opan gad Bnd g sepRNdQRSPENY: connected- to the first and
se ih 3 ! HoR patNieopirativdly eogatddnto the first
eagﬂﬂg?ﬁ?ﬁ%ﬁ%ﬁf@?ﬁgﬁgggzgindQ?%diant@%eati%g sections

and exvopd sadiantcheatingsgdtons t hr ough the first open ends. 17.
Th%}l] er iﬁ#&egﬁseﬁl %@htof RE BEHIaRE sbborfd Aldiant BeatihpeseRtibns enters
each of the Secon open end Is operatively connected

the flowaatH thooughsthe Hirsttopenehdse gas travel i ng through the
flow path exits the flow path though the second open
end. 18. The fired heater unit according to claim17,
f uritfherrheofifedi lsdang: urdt gpocehding ¢o clabint 16,vwkgreinneacheof the second

plenumis gperatively, coupled to t Uni
opehan dhgparrev ey genie iy Plegom o gyt R Bl rough e
flow Pataeglts tHen e patimhbogl the seporehegmnenduni t. 19. The

fired heater unit according to claim17, further

conprising: a forced draft bl ower supplies anbient
ai rig. o tHerifRaaRart ahit Yeddrding to claim 17, further comprising:

a preheater unit, wherein the plenum is operatively coupled to the preheater
unit, whereby the flue gas exiting the flow path travels through the plenum to the

preheater unit.

19. The fired heater unit according to claim 17, further comprising: a forced

draft blower supplies ambient air to the preheater unit.



