AN ADVANCED FI RED HEATER UNI T FOR USE | N REFI NERY AND PETRO CHEM CAL
" APPLI CATI ONS BACKGROUND OF THE | NVENTI ON FI ELD OF THE | NVENTI ON
[ 00. 01] The v apeRisadonvention relates to a high effici en‘%br/ds%%/omms
. emssions fired heater unit utilizing positive pressure wt
vertically arranged convection section. The use of positive pressure
permts forced convective heat transfer which reduces the necessary
size for heating, which results in a conpact furnace design. It is
contenpl ated that the fired heater unit;in accordance with the
present invention will be used in refinery and petro-chemni cal
applications. DI SCUSSI ON OF RELATED ART [0002]In petroleumrefineries
and petro-chem cal pAhInABVAﬂ‘iGEB mmmwprmmysam oyed
because t hese heat e REFEIHBRY SNITHREER i CaleA PBEICHERT
typically can not be obtai ned fromother utili ty sources. The

conventional fired heaters presently in commercial practice contain a
radi ant SMQ&E&{&&E&&M@H an air preheater and ultra | ow
NOx burners. The convection section is |ocated on top of the radi ant
section. The convection tubes of the convection section have a

hor i zont alE1BEPAE IBEUNVENEHINThe conventional fired heaters utilize
preheated air to maxim ze heater efficiency. The conventional fired

heaters reguire a bal anced draft design with a forced draft bl ower
and an i nd#BRH dr dhe preesRE Anvepkient ighasesdtod p dfigh (sERmipcys devserpivgions fired

anbi ent  aipeakP vhid il sBiveapRsdulde RyiftOa td@ﬁlcjaﬁﬁta?ﬂfan%euq BolvAEH&GE gecnon

{draft bl ower w thdraws the flue gas. This arrangenment, however,
prone to tihe yshgt Bedtivy P%Wft PEHHIS farAsH ennvegtive hagdrapsfgr @@yhdpduces the

anbi ent alnéccfé?e&yas@@%ilh&nh JHicHOBedult€ PPQI dbrhpabt Ofurhdie h@@éner Sit #S
a result, the c @n?.l dH}lred heat er mfjst be o&grat ed at 3. % of

hi gher ex&8eE™8 bptec P 2 5o hertanTon SR Fss W) e QeSS mABion Pillbe
Thi s reduaneeizheaﬁﬁryeﬁdpahﬁamjmswﬂpphbmons.- 2 - only a typical

maxi mum achi evabl e heater efficiency of is 91-92 %is attained.
Reductions in efficiency result in increases in total NOx and

gr eenhous ®IFEUSSION DB REL ATHIDARY t h an ever increasing demand on
fuel, its rising cost, and at the sane

[0002] In petroleurn refineries and petro-chemical plamts, fired heaters are
typically employed because these heaters can provide a higher level of heat, which
typically can not be obtained from cther 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 draf 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 ﬁae 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



lime tighter regulatory control on em ssions reduction, there is a
" need for a fired heater that maxim zes heater efficiency while

reduci ng ew{§ﬁ]bgﬂ§4391—hl s need especially exists in |ar gpéﬂk]gﬁbﬁdfﬁl“
- (greater than 0 MBtu/hr). BRI EF SUMVARY OF THE | NVENTI ON
[ 0005] Aspects of enbodi nents of the invention relate to a fired
heater unit with high efficiency, |ow em ssions and a conpact design.
I ncreases in heater efficiency wll result in reduced fuel
consunption | eading to energy savings apd a correspondi ng reduction
in NOx and green house gas em ssions. [0006]1t is an aspect of the
present invention to utilize positive pressure (i.e. above
at nospher i ejlyva ttypicalt meximune cachizatlele heaicr QfﬁciynGV@ﬁtiSt%% rigr issattaided.
anbi ent ai edch oflssm(é%%l @r@gﬁﬁntint?rgas%gﬁ) t%?ﬁ d O%Qex#&@ﬁge as ¥idsioTRY
be operated under positiveé pressure. e |zat| positive
pressure operation permts the operation of the heater unit with
| ower exce T, I s S - ] r
ef ficiency'a gf | owe ﬁﬁthe%lggg%rolﬁgw%égﬁlﬁﬁ%gﬁtfﬁgi ? gtg-ll%%)dﬁn %4& o att the same
pressure ome dighien regulatory eonirokorf emissidne wduetian, tlmrm'@atnqeﬂéws& ﬁredfheélm
the flue
neater . hoa iRl ARE eIy daliR LA BOOMERLS TEE B Bpaa) st
convect i veinHerger keateas (greatentham @0 Miudd). t 0 heat the process fl uid,
whi ch reduces t'he unit size. [0008]It is another aspect of the

resent invention to provide a _convection section having
onngl t udi NBRIEE SUNMARIGOF THE INVENTTOMN,e t ubes have radially
extendi ng spaced fins. This arrangement enhances heat transfer to the
process fluids. WD 2007/146439PCTM52007/ 014163 - [.ﬁ!OOQ] It is
anot her asif996] of Asrectsreseplodimeripof e {n@m}jmﬁe&ﬁcgﬁ 2 Areshhdages gyt with

havi ng high efficiency, low emissions and a compact design. Increases in heater efficiency

will result in reduced fuel consumption leading to energy savings and a corresponding

reduction in NOx and green house gas emissions.

[0006] It is an aspect of the present invention to utilize positive pressure {i.e. above
atmospheric) within the fired heater unit to prevent the ingress of ambient air. It is
contemplated that the entire fired heater unit may be operated under positive pressure.
The utilization of positive pressure operation perinits the operation of the heater unit
with lower excess Os. The reduction in excess O, results in higher efficiency and lower

(\' emissions.

[0007] The utilization of positive pressore operation also permits forced
convective heat transfer from the flue pas 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.



a conpact construction. The uni que arrangenment is acconplished by
“locating the convection section between the radi ant sections.

[ 0010] Si nceyd fie7/Radoer i n accordance with the present | pyefmkiodfoidiss

. operates with positive pressure throughout the heater, only forced
draft bl owers are necessary. No induced draft bl owers are needed,

whi ch are nore prone to mai ntenance problens than the forced draft

bl owers. [0011]WUilizing forced draft (only) throughout the heater,

t he heater can be operated at |ower excgss 02 levels of 1-2 % As
such a potential thermal efficiency of 95 % can be achi eved.
Additional ly, as a result of higher efficiency, an estimated 3% | ower
NOx and gri@@08%housk igjatesriasisrcbabihe amesont ingertiondd peyéde »firegfioater haying
firing. [QO S he qg&ﬁss i :

i nventi on,al \%ﬁiﬂ glﬁﬁl (gongﬁgc‘ét%t&lédﬁ?lg a fti rae'l?i& gg’?g{r ?Sﬁhéct%ﬁ?)#g%{edlt Egllﬂéﬁggﬂl ¢
twin cel | coavedtivalsestidsebaioren psadiamdisemiionsecti on with a convection
section of vertical tube orientation |ocated between the two radi ant

cells. The convection section design concept in this inventionis

uni que to 048N heSiner shadedter Jmegsordanch Witihthei presané Ipvsmbier tqngrrtes with
section c ' Fesh Qfhss j i N
| ongi t udi na }té&ﬁrﬁ%@% ?ﬁ%@?ﬁwﬁg 1%gn%e’d tﬁgglfcg%cti Oﬁﬁgeﬁgg%ﬂhﬁg Esggryi S ©
encased wiinAugedaira lawara pteyneedsd; Sdidy sre mrave granstta maintaranse PERisIRY than
flue gas Sﬁe&éméﬁéfﬂm&wwspvi ding a path for flue gas flow. The flue

s fromthe radiant section enters into the top of the convection
gzcti on, exchanges heat with the process fluid inside the tube, .first

vith a b ti opyRng .t i j i hiehi fhet 1! e
with a bareigrt | onGABg! BRGGHR foriREGuSREE RO Hekich thol Hlbude b b

gas shell ch tube, "simlar to ow path in a conventional
doubl e pi pepehated alowisafyress OTharsist el -2 Yore AFaECH P SRIHPherma) gHfciqngy of
the procesgs §] tirfod ANeve, QaERidHANG, dsSa ResCREPhLikALE OficRhcyl dnedshifialedPBYs
co-current and counter-current flow.in each gghsﬁs The f| ueﬂ]%z\f. Shel |
around eacdB™eLNOY A0 EPERPUSHER Snistipes %"ﬁ‘é&r ed fus i ogeR e HBE ded
into a flue gas plenum Flue gas fromeach shell exits into the

pl enum and_f|l ows through a high efficiency . air pre-heater unit and, .
then duct d@01A] o t Heeseamd pdher opprcks carnlls; Az, t'r‘)ﬂihre(?ﬁ?sf’ﬂtempﬁ?tlf’éld wg’f%‘f’tg

\% O‘Q’SB }s cgfs%tga%bfg g:;éouohf%eze&%% et hfthaleefa tWih tcenrvdrticael ﬁzbéuﬁﬁcetgiﬁé madbant
7/ 146439PCT/ U 7/ 014163 - -t ur ner s..| ocat on the
heat er f| cWFHOPTREDs 3, FORNECHIR, FeCHpR 8§€P’E"§|§;']e B‘BWP&%@“‘% 09 feghbe‘*’é‘?’%%‘ the two
corTbU)st } Orkadiﬁht éehzgwm.gdzfolhh@ﬁbﬁ @bt&ctiloﬁdiebigﬁdoﬁdeppihmtaisl iﬁvaﬁohﬁmhﬁqu@fo fired
wat er or. the alr n e.g 10 clrculLl throu e
here i s rhseterae dalarss Earoie ip e fob¥irionr P SOkl bR, o $aicChnd o
accor dancesepidchted Sheed Sectfort Wigh ungiedinaily Genéd wbes. t Tiee finnaltuhe ataion of

nit include t | east aqne.r.adi ant heati ect.l on, i
@eat i ng se‘?ﬁ"ﬁ&ﬁbq OGRS e E e éer%ﬁgr E’%fz iew‘f | ?nee%?%ie%g{'%?drﬁlﬁé% a flue
further ingsutied andchay potviding sqmiti for fypegast flavel yThediuregaseliomdhe irdiant
| cast one iadhEateneAld B SEC Ao BEIGPRKREH! ARNAREL KOR Vi the process

vertical ly orrented and I nctudes at |east one Vertica oriented,
convect i onfluidithsidd/get tnbal firsiuwish grbaenzegtivmandiien withpe Sopgsbiection ithasthe

results i gﬂg@gﬁrsb@ﬁio?&g&?%%; Tiﬂifafqd“t%if% Bhth iR dUGRGerfoahlt d&ﬂb@"ﬁﬁc and
associ ated dutting, add to a lower cost design. A portion of eac )

convect i onexchimgers Topethatfiupatay flovhvite resgeqtdo 8’??6’1‘8?8% ﬂ&g’tﬂ‘b‘ﬁé‘_‘ Fagh b is
heating s ezf Iéeggit;hng{ri]@%ﬁam&n&ﬁ@%%%ﬁt Mt bR cRRER MW inB4ER bh@D THeaRd

of the at i i L ) .
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



convection tube includes an inner tube having process fluid flow ng

t her et hrough. The process fluid is heated by the at | east one radiant
heat i ng sewotg mo7/1dsadh convecti on tube al so i ncludes an eutreszdowbaiss

. extending along a predeterm ned portion of the inner tube. The outer

tube is spaced fromthe inner tube to forma flow path therebetween.

The flow path may include at |east one radially extending fin | ocated
therein which extends outwardly fromthe inner tube toward the outer

tube. Each fin extends the | ength of t-hle-outer tube. The conbination
of the forced convection and w der spacing between the fins

practically elimnates foulrn%ﬁof thefinnedtég ﬁ ESSuctr,i% th
and/ or el ithe Fumesh lesatedoon jthy Dsatep lavki nihs oG P fity e
| over mai Bt GRARAToEBUETon HAEBwWOMdIHE rééﬁ:ir’éﬂ chaéd( Bﬁlyplfirﬁh&bd)ﬁ/water) for
includes an i nternal tube surroundeg(ii]8 %B gn% I naJ I ét eagﬁgﬁbl
fins. Thethegeanthfve ges Hovisirgyibthienabgphiliege ) e e ower
met al sl egyghis tREn@st.€r tube preferably incl udes a refractory | ayer

surrounding the outer tube. - 5 - connected to the at |east one
radi ant heating section. Wth this arrangenent, flue gas fromthe at

| east onej wﬂ%]ant IB%Ebﬂgnc%e&iﬂa%B SR B thet ;bresa‘nl: DWeRAbH thl e hedtheunit
first open en

gas actstofurtg%& cgt thet roc sfludd”l
cont ai ned IWI‘E‘(FﬁSrPtt]ﬁ%“ Imﬁr@?@tdﬁé““ﬁﬁ%‘t‘%t ?lnte}ﬁa&‘ Pefflf’]{}e
connect ed He@tirdy QbRBHIN Butdiivell Ihaetteff driefugher inbhml&i 4 agnvebtiengpetion epefrhtowly

ﬁé“pféhhﬁp%é‘ee%%r%t oS o JorRbL e B Ao SRTEP. udlt ShxbepRoreERT s

flue gas Grétttdaﬂg bhientéd ed phictudes as elesstt hma)wgi‘tmhhye q:rreamdncompﬁel coil.

heat t t fl h
P001611 ' MRHFHEE GPERRITRo P, s pern e SPERT oI Rbhlee,
fired heat&i’rmuaﬂmn bAimduckdsdraft bbrvee dnd rawomatﬂd(ﬂmnng,'ﬁdé 16 grlower Qﬁ’ﬁhﬁqﬂgﬂ
bl ower SUQAP 1§i eact al rCtlh%él% espcé)gnl[ E: rc: éétedw" %kht']ecasfg'xﬁenratiféﬂt

to the at Tohes A adi ant n accor ance

pr esent |m¢emttgsmnomnl y a forced dr aft bl ower is needed to supply
anbi ent air and nove the sane through the heat'er unit. As such, the
heater unit operates under positive pressure. [00171In accor dance

Wi t h anot {6014} peclln atcordmcpr wiknthei preeertti tiventidne ¢achedf Hbeatadr legsti pne

e L R

St and second &t ons. ar
opposi ng girdess Ghid ideatehbie the ay ﬂﬁ?@mne rgé:@ht heatins sentionoMpele eenyECtinn fbe

I s | ocat edydNGLAREL W 6hter E?J% éﬁé@&ﬁé}%g&%&&&ﬁ%@%ﬁtﬁﬁ&r 1R inner tube.

secti ons heat tﬁl as the process fluid fl t hr oug

rocess
t he conve(iﬁlﬂlﬂofﬂlt@mtUl%3 is eppesq rf{‘-’ni @%@ﬁ?léﬁﬁlb‘? e dorm A dlove Beth B‘ﬁmf’?’b ntth
(tLu be may f}g}(@gt t BRI d¥ ableastHRGHdibI EktchaiBE finHa&died Mdin Whhh oxends
ver

ncl ude a i cally extending, section, ond v al
ext endi ng osEEadbhironyfhe &W@E)H’r‘?éé?‘i"fi‘iﬁ%%“ee‘f%ﬂ’ E“oﬁﬁ%bﬁ’f’ ﬁ’éte’t“??eé’? ?‘?’éﬁl"fﬂm
ver% i call _Iygr?%ttgggl e ﬁgﬁ%ﬁﬁﬁ,ﬁ or mtwfomﬁjmﬁa@?ohr-,ﬁalvbmelfsgiaen@mgwem the
section. e process yi oWs oug [ ertica
ext endi ng fyE@Erdicall nﬁwwsr-,femﬁ] tﬁ@%%%{‘wg Y OPr?PS) i{ﬁ’émmam
second v er&ﬂfsalhrlkgg&ﬁ | @@i@hle@mleﬁ@cémd dqbwliei‘lﬁlaitﬁﬁancabdrsys eR4ahnafi the
section may include an ou r.t ext endi al.on r,edet erm ne
portion ofvertal vwpes gaplerp g&t‘%‘ﬁﬂ‘%ﬁga%e’é‘fq “@Feggfc’é%fl 5% y fonel gmally
out gr t Ub%x&)é-ﬁﬂ{gjﬁnﬁ| 'ptm?ma% m@@@&z/ﬁéﬁé&&rz'ﬂﬁa bgsewacmmad meél sleewée
pr edet er mi_ned port t he S rtic an
a second othesMigTfpRe Refanlx l%ﬁhb‘{?@ aaft“%?cé?}gt %15%?}”@3 %&e%ﬁ&%h@%
second vertically extending section. Aflowpath is | ocat ed between
the i nner ¢t and_the fjrst oquter t ube d the, inner.
second out@ﬁ?ghbe.l‘%ﬂr‘i@w&ﬁtz‘ﬁ FiREEt o fhe RieseRl Apveaign g 30 %‘%% 2
open end. HIchpen drdlandRaBedidtbpeh chileThe Awt ppédbﬂd&fabeﬂawnﬂ& ip OPeratwely




[ 0019] These and ot her aspects of the invention will becone apparent

when taken in conjunction with the detail ed description and appended
drawi ngs. BR Ih7/BESGRI PTI ON OF THE DRAW NGS [ 0020] The i peenistanvoisdsl
now be described in conjunction with the acconpanying drawings in

whi ch: FIG 1 is a side perspective view of an advanced fired
heater unit in accordance with an enbodi nent of the present
I nventi on; FIG 2 is a schematic diagramof a twn cell

vertical tube box type radi ant section-6f- the advanced fired heater
unit of FIG 1; FIG 3 is a partial perspective view of the

convection section tubes; FIG 4 is g partjal .perspective view
of a convetamgetet (pahe 1 lgast oae radiant heating sotipn Vi &”? FEegepent, flue gas

FI Gt Sis ﬁoﬂg:_fé Bﬂ%ﬁétV(ﬁxe\&hn%Wéﬂ Hehtisd Eﬁiibﬁ@nfeﬁ’@them\#ﬁﬁﬁth ﬂﬂpﬁ@aﬂﬁﬁgst open
section accoyang.to an enpodl e t of the present ] npnvent.lon; an .

P e o o thoR e GRARTP TGN Rra A reet TG COBEER TR HecperHke.
convect i onThegdcond ope thdiy dperalivelyrdanetedvid 4 plehempiiels dnat flue gentravading
-7 DET%&%I[%E? %LJPJalthO;lxig:thlgl?EEvEgaRtE 'ﬁ.o%'\éﬁcﬂ% 'éé%'c\yrxll_d'c' open end into the plenum.

The plenum is operatively coupled to a preheater unit such that the flue gas exiting the

flow path travels through the plenum to the preheater unit where the flue gas preheats

the incoming ambient aix:

[0016] In accordance with another aspect of the present invention, the fired heater
unit includes a forced draft blower. The forced draft blower supplies ambient air to the
preheater unit, which is then fed to the at least one radiant heating section. In
accordance with the present invention, only a forced draft blower is needed to supply
ambient air and move the same through the heater unit. As such, the heater unit

operates under positive pressure.

[0017] In accordance with another aspect of the present invention, the fired heater
wnit includes a first radiant heating section and a second radiant heating section. The
first and second heating sections are located on opposing sides of the convection unit
such that the convection unit is located therebetween. The first and second 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 inciude an outer tube extending along a predetermined portion of the

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



" [00211The present invention will now be described in greater detail
in accordance with the figures. A fired heater unit 10 is illustrated
in Fig. 1 woactmsdgance with an enbodi nent of the presePCT/IORETIVIKGA.
- The fired heater unit 10 includes a forced draft blower unit 11,

whi ch supplies anbient air to an air preheater unit 12. The forced
draft blower unit 11 supplies the anbient air to air preheater unit
12 under positive pressure. The forced draft blower unit 11 operates
to maintain the fired heater unit 10 ufder positive pressure to
prevent the ingress of anmbient air. [0022] The anbient air travels
through the air preheater it. 12 as j.llustrated. dn, Fi . L

t hen travﬁ@e?wg‘ﬁgwom?ﬁgﬁh{%."eﬁ‘f? Iy GEFREPR S @OPS%‘%%ﬁ%c@P gg%eg'td;)te
| east onecxeddPMbnd @dirtgerafindd pottidd offthé bezohéateically estefding Baetion. A

ductwork 13 suppliges th reheated air to.,the.radi apt .heat. . han
14. Locat QHWVWE‘EF%E’Q?EE?‘\%F eﬁﬁﬁe &St %“rl?ﬁ aélgéﬁ? gﬁ‘?ﬁ“ 5 It“é’ie gatg? ]%%gttdb%
heati ng ehgd@Rtseddht ovfbratube aBhdhofl @l @athriizs alitkét dpentehe and e abcarideopen end.

reheated_air. It is cgn at ed .t hat each i i
Eur ner or EB?}thStﬂF’t‘gﬁﬁé’%ﬁ%g ¥R & Dﬁﬁgtpﬁ%gg @#g@%ﬁ@%ﬁ??&s{%&gk%nﬁ
pr ef er abl yadideit haatimysdd@snd suchethst thiei fole gvie dacleof denfst endiisegond rediant

in nmultiple applications conprisi of. i S I
and dut y. PERBBRLITE SRS PexeHy HEot K i (HER e ChaG of Bl Wkiha
t ubi ng 143papeaidaiinbpgativedy poroeetsd t6 hplahuniTiush e flad sas travglingi thropgle the
-adi ant hegatin L I shown in Fig. 2.

ocat ed oﬁogr%a%%%ggs%?ﬂ?ﬁé}a?g%}l’gﬁﬂﬁggﬁnﬁg&%%gﬁ'on 14 is a vertically
arranged convection heating section 15. The convection heating
section 15,4801 d ' <L adis : | AtQhehdaken
such t hat ??%%]r adﬁ%%% ea%t?%eﬁ %%%ngﬁlﬁaﬁﬁﬂmgq%%ﬁgg i 0%1 theati ng
section 1 congurstion avith/be detadethdesedption and apppprdefldrayhings-t hat a pair of
radi ant heating sections 14a and 14b are provi ded, as shown in Fig.
2. Both radiant heating sections 14a and 14b are operatively

connect edB RESERIFAIONGYF HdH DRAWENOSon 15, Wth such an
arrangenent, the heated flue gas, which is produced when the anbi ent

air is heated by the heating elements 141, is directed into the |
convect i of0028) 200he ineagorwii nsrizrlegatrgdn coguactioaavith fleAseTBHY S

to heat t s£h.ui ds passing through the convection heating
ek

section 1 ne convection heating section 15 will now be
described in gF&@t bis yaidapprspertive et of emadyepsrddisgd heater gt an acpppdance

verti Ca'|3ﬁdﬁféneé}ﬁl?dhiﬁgﬂ%ﬁ’%é%@séh@ﬁ{deﬂﬁmﬁec“ on 15 i s positioned
bet ween the pair _of radi ant heat.i

| at.ing sections 14a and b.. Th .
convecti on heatfilfg2siéct F"E]’f?“?ﬁ‘cicgiﬁgr 8 ﬁtﬁ?lhl"éf ivetpcgt %é’grl??’%%*yradmm
(lextendi Ng stdiRasor iladvaasda fied hisal dnit @®1eNdj ng tube 151 includes an
i.nner tube 152 through which the.pracess fluid flows.. An outer tube
163 extends al S1G- 4 97 BHHEGARARGE] RYCH HrCPRe PR RSP IR 152, I¢ is
pref erabl e t hatrighe iguteetidl eespiétdvedtdiess ofot caneetinh mbe ijustiating mhd inger
| engt h of the inper tube 152 for reasons that will becone apparent.
The outer Wli?oaé‘dfg%{i@ spaced fromthe inner tube 152 such that a fl ow
path 154 is formmed 3 herehetspeetive Adql uitlabdtingofher sokvection dyaatingi segtion

fins 155 extend qutwardly. fr he inne . A2 towards the outer
t ube 153 W?%?ngﬂgnFF’g’ﬁ/ %ﬁgﬁéﬁiﬂsﬁ% '}E?‘é%nt%%gb%i uctive fills 155 are
sufficiently smiGed inkdheimatit lview bHongpatiiant Behting spntionadiacerithe agpvection
within the flow path. 154, whi ch- I by deposits on the
fins 155 Stﬂﬁgﬁ‘?gg?’fhneacﬁgrga%%{%ﬂ?]g%t ?%ﬁ&ﬁg%ﬂg)q’f | ow path 154. The
outer tube 153 may contain an outer refractory |ayer 156. [0025]As
previ ously nmentioned, the outer tube 153 does not extend the entire

| ength 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




~ WD 2007/ 146439PCT/ US2007/ 014163 - 9 - a plenum 16 | ocated bel ow t he
convection heating section 15. Wth such an arrangenment, the second
openi ng 1580 met/oeewed within the plenum 16. As shown i RCEuqooigi4idhe
. plenum 16 is connected to the air preheater unit 12. The flue gas,
whi ch exits the convection heating section 15 into the plenum 16
travels to the air preheater unit 12, where the flue gas preheats the
entering anbient air before exiting through stack 17, as shown in
Fig. 1. [0027]It is contenplated that 4he inner tube 152 wll nake
mul ti pl e passes through the convection heating section 15 to heat the
process fluids. Each vertical section of the inner tube 152 wll
I ncl ude an outer tube 153 that extends along a predeterm ned | ength
of the i NrBETAUED DESERIPTIEONOR PREFERSFHD Bets@boviensiich that each
vertical section of the inner tube 152 includes a corresponding flow
path fornmed therearound. Connection portions can be formed on the-

;Jpper dfand [PO?E] elnnﬁa ﬂ?sehh ﬂw\éﬁﬂiéxfc flizﬁl nSL ek H@éb?ib?% id Q&atie{‘ﬂ&'éill‘izy%?ﬂcﬁﬁce
o redirect, the oW 0 rocess yid into another vertical sectign
for a passw’f‘}hﬂﬁuéﬂ"%e%’g’ﬁ%e}?ﬁ%ﬁmﬁe@tlﬁ ustiatad; igfigs] in pogardqmge vy an
cont enpl atedshodiméntedche seestdhveniione dht FHed BediérQmitl b0 MYuded 6l fofled Araft
152, Wth,such an arrangenent, nore

luralit f separate.inner fube .
'Ito han oneyﬁ’?%‘@%rs‘g“a’f mi‘”&“cg’a?r’pB]gesrﬁ’gli“’él& 2o an girpreheates poit d¢; oHhefarged Jeptt
secti on 1%low&028] Wssuppliesthstandfiedt afrae dirgictehtet @8it dQ untiéhpRiBictpraseure.

essure 0, u heater .unit 10, air,ingress. is,elimnated

G ot huc e AR drah Mo L8 1 orerite i hinkaif BT BiseE nEuergua af e
i n a corr gepitive pragbure ko pleeentehd ingresnofanaliigntdabvwer NOx and green house
gas em ssions. [0029] As shown in Table 1 below, it is estinmated that
the present invention provides a 3% increase in heater thernal

ef fi ci ency[P022i3% rEaushbiont ain tkiOds alvduglh eendip prehegas usi 19SisOillastikain
conpared t | I anventional .heat )iz .an air

pre- heat e rr‘?g"allh i’%? 'q“'njd\c{r?g;tﬂé’él e&él{vs? ﬁv'm) roglgé id%ﬁ%ﬂ& g%t %r\}/?/ﬁ leétH c¢ ooﬁ%gg &Y cqriegred to at
convent i odedst preaadianihdahing seciioprid-dfdbs beater wdD10. The ductwork 13 supplies the

2007/ 1464%9&1@1‘&@?3@%/ 91%%91%11‘5 héan:g s-ggtk‘gnelti]: Located within each radiant heating

sectionl4 is at least one heating element 141, The heating elements 141 further heat

ithe preheated air. It is contemplated that each heating element 141 is a burner or other
suitable heat source. The heating elements 141 are preferably ultra low NOx 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 15 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 fo 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 direcied into the convection



~ Heater Type Efficiency - LHV % Heat Fired MBTU hr (LHV/ HHV) NOx
Em ssions LB/ MBTU (tTV) and Tons/Yr CO2 Em ssions Lb/MBTU (MIV) and

kTons/ Yr

Cowvmnt/isedssal fired heater PCT/US2007/014163
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heating section 15 to heat the process fluids passing through the convection heating

section 15.

[0024] The convection heating section 15 will now be described in greater detail in
connection with Figs. 2 and 3. The vertically oriented convection heating section 15 is
positioned between the pair of radiant heating sections 14a and 14b. The convection
heating section 15 includes a plurality of vertically extending tubes 151. Each
vertically extending tube 151 includes an ioner tube 152 through which the process
fluid flows. An outer tube 153 extends along a predetermined length of the inner tube
152. It is preferable that the outer tube 153 does not extend along the entire length of
the inner tube 152 for reasons that will become apparent. The outer tube 153 is spaced
from the inner tube 152 such that a flow path 154 is formed therebetween. A plurality
of radially extending fins 155 extend outwardly from the inner tube 152 towards the
outer tube 153 within the flow path 154. The heat conductive fins 155 are sofficiently
spaced within the flow path 154 to prevent fouling within the flow path 154, which
could be formed by deposits on the fins 155 from the flue gas passing through the flow
path 154. The outer tube 153 may contain an outer refractory layer 156.

[0025] As previously meﬁtioned, the outer tube 153 does not extend the entire
length of the inner tube 152. With such an arrangement, openings 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 fube 152.
Prior to eniry 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



83 120/132 0.020/11.5 126/71.5 Conventional fired heater with air
preheat 92 108/118 0.025/13 126/ 64.0 Advanced Fired Heater with air

preheat 95w hbAilasH. 025/ 12. 6 PCT/US2007/014163
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a plenum 16 located below the convection heating section 15. With such an
arrangement, the second opening 158 is located within the plenum 16, As shown in
Fig. 1, the plenumn 16 is connected to the air preheater unit 12. The flue gas, which
exits the convection heating section 15 into the plenum 16 travels to the air preheater
unit 12, where the flue gas preheats the entering ambient- air before exiting through

stack 17, as shown in Fig. 1.

[6027) It is contemplated that the inner tube 152 will make multiple passes through

¢ the convection heating section 15 to heat the process fluids. Each vertical section of the
\. inmer tube 152 will include an outer tube 153 that extends along a predetermined length
of the inner tube 152 in the manner described above, such that each vertical section of

the inner tube 152 includes a corresponding flow path formed therearound. Connection

portions can be formed on the upper and lower ends of the vertical sections of the inner

tube 152 to redirect the flow of process fluid into another vertical section for a pass

through the convection heating section 15, It i§ further contemplated that each

convection heating section 15 may include a plurality of separate inner tubes 152, With

such an arrangement, more than one process fluid can be heated by a single convection

heafing section 15.

[0028] As a result of forced draft design with positive pressure throughout the
Q heater unit 19, 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
greephouse gas emissions when compared to a 100 MBtwhr conventional heater
utilizing an air pre-heater. The increase is more significant when compared to a

conventional heater without a pre-heater.



126/ 62.3 [0030] Various nodifications can be made in the invention as
" described herein, and many different enbodi nents of the device and
nmet hod canvieewdsawhi l e renmaining wthin the spirit angcyaspe7oiiidshe
. invention as defined in the clains wthout departing fromsuch spirit
and scope. It is intended that all matter contained in the

acconpanyi ng specification shall be interpreted as illustrative only
and not inalimting sense. WHAT IS CLAIMED IS: 1. Afired heater
unit conprising: at | east one ragpant heating section, wherein
each of the at |east one radi ant heating section having a heating

el ement | ocated therein,; a convection section operatively
connected 'to the at |east one radi ant heating section, wherein the
convection section having at | east od@blgek tical | y oriented convection
tube, wherein each of the at | east one convection tube being

oper at i vey—conpeetedrta-the ot - 6]} < PR adiens 0 | €OR EQiksions
V\Eerei n théﬂaé?te’ih;v?gt )Eg’d"” ialrl1{'te£'t‘:i§l%Ell 'Mﬁ]sdggt g‘ﬁhmmg a fiwMBTU
radi ant heating secti ¢n | ocatied on one side ¢f taheéTewfKrect|i oK} and

and a seqond. radiant lheating section | ocated n-—oppoesi-tie SKTens/ Y
the convd@onpmiienl t siuch $hat| t he déM¥2ct i on |uni ?'ﬁ?ogﬁrsocat od 120715

t her ebet v ‘%%?,ﬂ-,h::?:a; FheHrgo-heaterjggit accon Ui Mg aEas T ai My 1, naie! n
each of tbﬁefpﬁeﬂﬁep@m ¢ne convection tube congri sing: an inner

tube havi|ng geesress fluid flow ng therethroudh, wherein the process
1ui d bei[rgiveat Bekdby |t hePSat | east EHESr adi aft h@&FHS secti on?5%rd
N out er |tHeptEr with ¥”di ng al ong} a predet erm ned portion of tihe inner
tube, whePEPEY he otter—tubets—spaced—frommthe TTmer tube to Torma
flow path therebetween. 3. The fired heater unit according to claim
2, further conpri sing: . ) ) .
[6030] Various modifications can be made 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

5Ense.




-at least one radially extending fin extending outwardly within the
flow path fromthe inner tube toward the outer tube, wherein each of
. the at |least one radially extending finextending the | ength of the
“outer tube. 4. The fired heater unit according to claim3, wherein
the flow path having a first open end and a second open end,

wherei n t 'WHAT 38 cIperveEndisaf the flow path is operatively connected
to the at | east one radi ant heating section, wherein flue gas
in the at |east one radiant heating section enters the flow path
through the fi r&ﬁr%&e@ﬂﬂnc& Eﬁl at | east one radi ant heating
section. - 12 - R |re er unit according to claim4,
wherei n the seabrieisbpen redidnt Isemngrsatmotglwhareinmheaf tho = 1phsernumadiaft

that flue s travel h th exits the flow path

t hough the}%atél%sr?a 1%@ ‘g’é%'ﬁ‘i eat%‘ esﬁ%enltior“éﬁaﬁlé%?@i unit according to
claims5, furtherc&ReBREdS bé@ﬁon operativBlyPERHEREE o WY b 1641655 fhdﬁaﬁl? hea’u ing
plenumis operatively coupled to the preheater unit, whereby t fl
gas exi t| rﬁgctmeth@w Patchnyactiorbertivh havigh at leestpne werticaldy othentpd e:hlefacttmm
unit. iLred heat it accordi

corpr i st gt B e Bl PECRERR St bER oRp i Piipocted to the
preheat er atlkhét.one Badidiehtinge@dch@at er unit according to claim 2,
wherei n each of the | east one convectjon tube further comprising: a
refractory | ay@thessip thiatlons anseragigneheatispesection inphudes iarfaet mdsmheating

uni t accorggifag 1h0:t&d 8h Thd mcfé’hﬁ'rtﬁé @orﬁ%&horpimﬁ Qﬁd %tseéo%%slladﬁﬁfa heating section

located on an opposite side of the convection unit such that the convection unit is Jocated

therebetween.

2. The fired heater unit according to claim 1, 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 at least one radiant heating section; and

an outer tube extending along a predetermined portion of the 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.



-convection tube conprising: an inner tube having process fluid
fl owi ng therethrough, wherein the process fluid being heated by the
first radiant heating section and the segond radi ant heating section;

< and at | east one outer tube extending along a predeterm ned
portion of the inner tube, wherein the at | east one outer tube is
spaced frofn t heThafie¢d hudter uoitfeeodmef tooWapatd) Whee@bgevwaesnd opéh eddés
fired heater unif according to claim9, further conprisjng: at

| east one PREALEIN cUpeEsdith g P‘Pﬁméxsﬁéﬁhcﬂlﬂ%gfl%g%?wggnwlﬁfﬁﬂﬁi theeflew giath

pat h fro”]ﬁﬁﬁtﬂéﬁﬁﬁ'Bgﬁﬁoﬁ£WﬁégﬁkﬂgOPH{§ﬁLt“be’ wherein the each of

the at | east one radi y extendi I'n extending the length of the
outer tube. 11. The fired heater unit according to claim10, wherein

the flow path havi first. open.end and econd open end, - 13 -
wherei n t B 1 o B heartit SBRENR BT f FESTerERRvery tonnect ed
to the first radpRptattiashi RehefRs iHeQNedd id HRraReRhubRdi 18 Mle HERLGnit,
section, erein flue gas fromthe first and second radi ant
heati ng setbsremstherfies gast xéting dw fhay pathhiravglphthravghfthe plenopele bagrehegen
t he at Ieaﬁﬁtone radi ant heating section. 12. The fired heater unit
according to'claim1l, wherein the second open end is operatively
connected to a plenum such that flue gas traveling through the fl ow

path exits the flow path though the second open end. 13. The fired
heater unit accd¥dfirg kester| eihpacording de elameacivrihgnepmpiigiag: a forced draft

Compr i i nGiioderf ke aHLAA ¥ dRXhEAGhA%RECt T ON: @ second vertically
ext endi ng sectioh; an
3. The fired heater unit according to claim 2, wherein each of the least one
convection tube further comprising:

a refractory layer surrounding the outer tube.

9. The fired heater unit according to claim 1, 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.

10.  The fired heater unit according to claim 9, further comprising:
at least one radially extending fin extending outwardly within the flow path from
the inner tube toward the outer tube, wherein the each of the at least one radially

extending fin extending the length of the outer tube.

11.  The fired heater unit according to claim 10, wherein the flow path having a first

open end and a second open end,



.a connecting section connecting the first vertically extendi ng
section to the second vertically extending section, whereby process
fluid flows through the first verticallyjextending section into the

“ connecting section and then into the second vertically extending
section. 14. The fired heater unit according to claim 13, wherein
the at |east onehesirethetfitheopanmi & th@flow path iBopdritsicl PudilectedBE the first
extendi ng along a predeterm_ned portion of the first vertically
ext endi ng §@E¥?@W@n&ﬁﬁ“wnandﬂ§3%@%%h@dﬁﬁﬂgﬁnﬂﬁﬁﬁm@%iending along a

predet er mi ned pehtbongef I LY 0l 09 SEGLI
15. The fired healtt e@%ni%a%g%é%{r%%?ﬁgt a;{lg S%(}Ogllar%%?ﬁﬁ %ﬁ@%&%@%ﬁ%‘@?@ﬁﬂow
pat h havi ngptlatfrougt the fiest cpadermhftom theadedt operadantheating sectisher ei n t he

first open end of the flow path is operatively connected to the first

and second radi ant heating section, “wherein flue gas in each of
the first gnd segofced ALt niPastdiife S6CUAiRNS 1 S Whblesh Hﬁesefc!)&l’v_o?é; Rnd is
through the first open ends. - 14 -~ 16. The fired heater un

accor di ng ensrativgiynsaBieciafde @i pleeanlsudi thatdlvsegasndavsiieg themdgh she flow path
operatively.connected,tn a.plenum such that flue gas traveling

t hr ough tH%u?ﬁ%ﬂﬁﬁgpwmg%?%ﬂ%ﬁg“?P@ﬂP%ﬁ?ﬁ"though t he second open end.
17. The fired heater unit according to claim 16, further conprising:

a preheater unit, wherein the plenumis operatively coupled to the

preheat er i t, Thgniied hoaterant aagerdipgtoskain Hg wheesin paphy ipear ueroppuirising:
t hrough the pl %%%ig{]g,r%%a%&rcﬁ&p! t. 18. The fired heater unit

according to claim nprising: a forced draft
a second vertically extending section; and

a connecting section connecting the first vertically extending section to the
second vertically extending section, whereby process fluid flows through the first
vertically extending section into the connecting section and then into the second

vertically extending section.

14.  The fired heater unit according to claim 13, 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.

15.  The fired heater unit according to claim 14, wherein each 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 first
and second radiant heating section,

wherein flue gas in each of the first and second radiant heating sections enters the

flow path through the first open ends.



: bl ower supplies anbient air to the preheater unit.
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16.  The fired heater unit according to claim 15, wherein each of the second open end
is operatively connected to a plenum such that flue gas traveling through the flow path

exits the flow path though the second open end.

17. The fired heater unit according to claim 16, 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.

18.  The fired heater unit according to claim 16, further comprising: a forced draft

blower supplies ambient air to the preheater unit.



