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A MULTI - TUBE HEAT TRANSFER SYSTEM FOR THE COVBUSTI ON
OF A FUEL AND HEATI NG OF A PROCESS FLU D AND THE USE

wQ RBRBE®B4Thi s application clainms the benefit 0OPCTIUSR006/008419
Provi si onal Application No. 60/660, 447, filed March
10, 2005 which is hereby incorporated by reference.
The invention relates to a heat transfer systemfor

A MULTETUBE HEATOTRANSFER $YSTEM EOB TRECOMBPSEION OF A
PURECAND MEATINGIOF W PIROCESS FLUID AND THEWUSEATHEREOF
relates to the use of a heat transfer systemfor the
fiamel ess conbustion of a fuel to di rectl . heat

pr Bicie spplichtiericlainas the benefit pEUS Saovisional B\ igation Iﬂp £0/660,447,
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ease heat. t hat Gl Aleyst bed
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5, 2PD /5B IBICHiOEEses Sevied] hgsts of rdaetidn ayparatssebbey oﬁmbah]
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1nte %13 along o t1t3§ I%Ig\%? ?‘urel i$ feit VJ'&FG fitialibdaR1 €ORGHdrtions into the annulus

a conbustion air conduit to form a
betwleki tHe ﬁiélﬁtﬂb&l&dhhé eambustibe tfheevheges ltomxéﬁmvllthaw@nﬂhgntes to
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figpg. RN BS255 29 KRIRESE thodiof heaiigu dubtefranean formatlon
centralized Wthin a wellbore casing to thereby forma

using edlanttles nmhbnsstlbe epprsntus. e apparas inshudes @ 1o gatipenditq
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he~ori ces o) gas con dui t

air coRdult % ftrh lﬁ ﬂrh%.nﬁlhlﬁs Bétoretothe dodlgas cmnduhl amdttliteeccx’m‘mlstlon air
annul us. The first annulus forned by the cg{rgﬁust g + and th
condaiitc Thontifipes Aravirie o 115 IcQTRRHIARIECR RobY e%u the, fyql gaseengpry and the

ﬁrst\?\a@ﬂﬁky th%%gﬁﬁ)ﬁﬁlo ?r &ﬁ ?st deBtaidel vAas HinelBO chbifig to thereby

ore casl ng ui d communi cation provides a
fornf b @Woﬂ&hﬂnﬁlwbettheerﬁha‘ombmamnn garvenduibarskthe mictlbengsating. Fuel

into the sec
gas 1s introduced 1Snto dﬁrgtnarr]lllillllllljlg Vla e E)gﬁ(t:ersa\f?he 181 gtarg %orsl&%%qu with

the air and to combust within the first annulus. The first annulus formed by the combustion

air conduit is in fluid communication with the second annulus between the combustion air
conduit and the wellbore casing. This fluid communication provides a flow path for the
combustion gases to be introduced into the second annulus and to travel up the second
annulus to the surface to thereby provide heat that is transferred to a subterranean

formation.
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annulus to the surface to thereby provide heat that is
transferred to a subterranean formation. U S
weaivblogmyT on No. 2003/ 0182858 describes a net hpaI/i782006/008419
providing controlled heat to a process fluid by
utilizing a flamel ess distributed combustion device.
The device includes a fuel conduit containing a
p|[g.BaP1hﬁltca@6n Ialg.ezooeanzn&% dtissrilyeis umethiodifon prpviiding ceirlled
and a surroundi ng, oxi dati.on ch er. condyj t. .
heat 9 ORISR HIGmE A o R e or bR ERp fptiod Tl device
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An object of the invention is to_ provjd

f
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that .is | eased . j
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a conbustion zone, an_oxidant intradquction zone, and a
transfir o€ bert that iff rglepsnddhergfiende & PEOFCE ﬁ‘ﬁ}gi i ntroduction

Zo [ fi [ ] i . . .

oRFal PRyl Bl S ST Snk e s,
fuel ﬁh&%{éﬁtfﬁﬂn lkzsmca arceambuibtinm Zonbemenxidanh itrodactimdzonerang FipIsgs

. sai uel. i ntroduction.neans, A i d..axi
Auic e, JERFEE SO SO G QGOEH A28 50 60 B G Bt Y or
intro%éiﬁgeﬁféh ik sAD BorsiblistiBH Rehd Watie defifieiast 4 feactioniabe entemal to and
erein said process fluid zone is defined by a . .

surrqunding ssidtfudldnteodustiomments, arbwheremoaHbe¥dant itepdyghiongane 1s

t ybe. Anot her . enhaodi ] ' ' s
35 50 B SR g I O ity i
procksdTRid £6@tiH demetdayfaebedssihbe watenal heanddmfronediag faidloxidant

i ntroduction zone, wherein said fuel tube includes a
'fubepll stal end anEI1 a fuel inlet end for introducing a fuel

in i ) .

oL e RSP B0 S M op bt s
tubeblavihglaifugl tofe lspgth edd afizal tubepealt hetdsfing arfaeldntreshctipmp gone,

whelg%;/ %\Tcﬂ g}ael {ugg %&c@a%ﬁgﬁﬂ éﬁﬂ g}ltg g?lgeq %lﬂ%%%fih reiﬁggﬁlgé@% fhel into
said FRE SR RuEESH Afic farkiGiisih iR g Zeidcfuell tobgleAgthdnd tebughuaéd tube

b

[ength, wherein said reaction tube has a reaction tupe

walliinh pluraity of spacedapsirt APETULES;F ISR NSEbGRAViRER TR %‘g? f?ngth
opbust.i.on zone ' i

and g et SReEGnEe pd bl SRk LG defne o

combi&iofizons ﬂbﬂ% pdid figd] tuiby 16fetls pdwedn agdnréactipe tubehes a reaction tube

~provide for Tluid comuni cation between said
inlet end for receiving a preheated oxidant into said combustion zone anfdua(relI exhaust end

for discharging a combustion exhaust from said combustion zone, and wherein said
plurality of spaced apart apertures provide for fluid communication between said fuel
introduction zone and said combustion zone; an oxidant introduction tube having an
oxidant introduction tube length and that is positioned external to and surrounding said
reaction tube so as to thereby define an oxidant introduction zone along said reaction tube

length, wherein said oxidant introduction tube has an oxidant introduction tube inlet end
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i ntroduction zone and said conbustion zone; an oxidant
i ntroduction tube having an oxidant introduction tube
Wwo envgodvoand that is positioned external to andPCT/US2006/008419
surroundi ng said reaction tube so as to thereby define
an oxi dant introduction zone along said reaction tube
| ength, wherein said oxidant introduction tube has an
for infretiEkaAg an Stidad Lmtblsauﬂ oixitaat intrbduction abue andnanr exddant injrogction
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a ﬁleflﬂgﬁ}odh&ﬁﬁl AL |wﬁéi‘éﬁ1 sshaffigeutt ihtialed dist@tierel dndra fi‘lelnﬁlet end for
erein sald fuel tube includes a distal end a

mtroﬁuxahg saidl ftel anvol s4id fugl fntragdyetion#pnsand ‘Y}Ef-‘é‘Fm ,a}ﬂng %1 lgpgth and
throughcpeic b A 559 BrR0ST s AR Bl ol 4 FORa
it S s et i
and SrpodE AR N o LSRR AeBT F GUMAIT R AT ap e e
mbetléh%gn, Sthefein bl &{L‘éﬁ&?ﬁm@v\ﬁé Qf‘ea@n&pﬁbél shétend @Mc@blﬁﬁ gaid

engt erein sald reaction tube
prehaatedaxitlimitintb shiel donibastummbnfs end m@@?élauﬁtri'gd%ﬁ disqhpegingd ed

oxi dant_intQ sai usti o
comperio3 s Brnod GOTOREH SAeCRS R Fg B orSpit pa
aperfift 100 PorZRRE cordifinibBesEhdtwsd Gidfuel Mmirotiyctioh zepaambsaid
apart apertures provide for fluid comrunicati

combsﬂtmenns anteodugisig anreidsgbinta ehoxidand infrReusliony fube having an

omda;{rI 1B§ﬂ<ﬁuo%ﬁ{1 %Lgogﬁ%l% 12%11(? ‘%gFIS ﬁgsﬁgne@gxgéﬂ?ﬁ éb M Psifdunding said

avi n an oxi
reactih fudE Y6 b W thbrleb e defmginoxiduht tﬂm&ﬁud:tmnrmse aloog eaid reaction tube

leng?})g(tvfhrffgq?rg baiucl) gglﬁgm{;gééé)l{%gg%gﬁp alﬁgr} é)g %%tllﬁo%ﬁ@ ’31'%8 H‘éet end
for 1inﬁ?$uc e a%%.li Lo: %lﬁrg t?r?tﬂ sﬁﬁ%‘kmanwgﬁf)@dc@loﬁ 3bfk s FedKidant introduction

as an oxl dant i1 ntroduction tube
tubd dutlet er@infdr discharging said preheated oxidant from said oxidant introduction zone

into said combustion zone through said oxidant introduction tube outlet end which is in
fluid communication with said reaction tube inlet end, and wherein said oxidant
introduction zone is in heat exchange relationship with said combustion zone; introducing a

process fluid into a process tube that is positioned external to and surrounding said oxidant
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for introducing said oxidant into said oxidant
i ntroduction zone and an oxi dant introduction tube
woeibe9oend for di schargi ng said preheated oxiBeruUSionems419

sai d oxidant introduction zone into said conbustion

zone through said oxidant introduction tube outlet end

which is in fluid communication with said reaction
introduea6n tubk &b asfittherdby dvfiner eprocesaifliidozond atomgisaidroxerlaot | on
. zone is in heat exchange. rel ationshif.w sal.d . :
introdystion SR oM F BifeaId RIPFST O HeS Apiree | i B8 it prgucine
said ﬂs%{)c?e%? ﬁﬁig.tiﬁlgesgfcﬂg&éﬁ gﬁﬂisi,ohb RES pREERIMAL olitfet 2Ad for discharging
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a heated@radeys fhatlifrven seig pocessslid gone, aehwheredrigidpperss Juifkaane 1s

. i ntroduction tube,. wherei id . :
e G e L
fluid ngSH &hid PloBess Fush RrREARRdibdheigih Z@iicdnishstop exiemsisfidrh waid

I et ‘end for discharging a heated process fluid from
combmisfieh pmecess fluid zone, and wherein said process

oHbnaRT RSB B aLEEReRP Bl Abens Bkabiien O
comBus06n 8@ FhePirdcs theftenting afengocan fluidi schar gi ng sai d

conbusti on exhaust fromsai g conbustion zone. FIG_. 1
I 3666 PesANARTeH OB BROMERER! Gling Hat HAIH Y RT,fof the

comtﬁ%té«%ne ot %{el Ierof ﬁ@é%x?%ﬁf dpoﬁrgi@eég @glg. and for the

I ng a process 2 is a sectional view
of TiRnineeioaiprevitlesaf haahwatséeatsystermres evice that may e psedia the

mbust i f a fuel and for the.heati f
direct fraper oF et O F Grp Py et LT § i BpesBroBlydfinciess
comlﬂiés.tig{? ‘b ﬁ:f,rctc*é?st f16TRY THE héts Bdndfbr dyRnrlidsesdnytpossisleasesand

at’ene_gy rel eased by the conbustion of a fuel, .
applipatixfue; ) in pesticuilaathe vsesofeahitsabheating sysiema spgsdag one described
. . fluid.. The.heat transf t . ' "
mach oSl T8 S ERARS e Reas! M aeiion
proc&iiséefich AeplocaBes s iRrtchydbganmtivh of ethglbermoe idpidld axstyrene

detail in th S ificati b tally.
prodneirBeTipstiice; e dwagiIveing &/ SHES/dRo PR AAT L PEYe s he

contt%il‘l%gr g opﬁ%fﬁﬁ%ﬁéctfoﬁghltohg‘l g ahy die96 3 dbinBsth zone in a manner so
et ny Penzene 10 yl e a Styrene product. For instance,
as to%ﬂirevidd;] for atunifeat icombestsnaritief fuchaongthe firgl Gependlis p‘Flthm@I e
or, the controlled tate of fuel intra t.i ugh:.a
compgRion A PTPUI K GOt e Ao Ble b Rt b i
com?ﬁs‘ﬁ\ﬁh% gﬁ’éviﬁg ol ehiFb s emp triafiite plofildrdughlthabanigstibe zone.
Uel tuBe. This uni form conbustion may provide for a
Some befafitsithatmpy batealisedhinghide.dus psngt Hmaled (e requeHg stepm wsage,

o AR R TR 5D PSSRSOt et mase
and fRRlasifBYhdistedsar dfzksloperationde, but are not linited to,

| o ot egine DSicar~E Are PR IAG! SCEE PO R stion of a
fuel r\glﬁll%fxerbleased heat to be transferred to a process fluid. Because there is no flame
associated with the flameless combustion of the fuel, the oxidation reaction (i.e., the
flameless combustion) occurs at a relatively low temperature as compared to the flame
temperatures observed in conventional combustion and heat transfer devices such as those
that occur in conventional fired heaters. While the temperature of the flameless oxidation

of a fuel may vary depending upon the fuel that is combusted, it may typically be in the
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and increasing the pressure of the operation. The
direct heating systemnmay al so provide for so-called
WO b@awed®ss conbustion of a fuel with rel eased PEHUS1006/008419
be transferred to a process fluid. Because there is no
flane associated with the flamel ess conbustion of the
fuel, the oxidation reaction (i.e., the flanel ess
rangef(mmwdmmsom@ tis Sbeait 1:300%@ air lﬁ‘oﬁi gbdutJV\ﬁ(I ‘é(ht;eab@um%%a@ as

onpared to the flane te ures ed
opposs I B EICTPGTRISE PUSHVAR RSP L as S P gls fatmay

typlcaﬁt%ﬂg%ﬁlésl@a’b occur in conventional fired heaters.

e tenperature of the flanel ess oxidation of a
f URe dmszt hﬁatmg sigspeen df thg mnpmhom ayfalselprovige for feat transfer to a

e SIBLELES o Bt R B D ETEE S
that e@(@&% tha? 8Pc v eRforRPRASAH systerhd) ©rel ol fe@uﬁrmroﬁltha’lﬁsentlon is

observed in the conventional burning of fuels t 1}/
that it prmlvuias for texdiewthaasg ofa pmswtmé%klnﬁl@éﬁhedﬁ%%ﬁéa 14, 1§ it close

relatlﬁpsglé% ﬁgl% 13% sf.lﬁfg?e 5% 1{%5& nqﬁb a\?ftlaﬁ%ﬂ]ilgﬁ ﬁl@gﬁcﬁerﬁﬁ%sg@% gccurs

The ;Sfacéaé @t\/éa@kels@ohﬁaiedtblymt)wss afeéVemr&nn@mt drattbetheaui®unds an
hat of conventional heating syst

ox1d¢né atraduetioss tubwhiqh\ﬁéﬁﬁmﬂﬁ thereaign fipe B’r(?g?/f eﬁ%gmﬁ & apfgeess
ﬂuld%f){r}?e g‘h E? 18fzo1‘?e fﬁ'é? B@ﬁ?ﬁ&%se:ﬁﬁ]ulu@ foiafd YyftBe proRERsbe

osere ronship wth the outér surface
surrodhdiag Itl&ﬁimdam intrddactyart tabe Heat trimsm@ theqmoceess flvid is maximized

by prom bR fop PO RN OB A LA et SBTT EORAA dromSeslt BERR
prov @g feBg Weidond hE&t*%ﬁdl‘ﬁhﬁé:ihrﬁiHé fOMBICSE th@ﬁaét&ﬁﬁhb@mfaab er the

_ _ provi de a process fluid zone. The process
ox1d£ﬂtumtobdnom®1mhysméaca process annul us forned by the

pr g\?vsrgggilijr?ge @Zﬁﬁg 2,:1 ;prfasen 1?5 sé)@ﬁ'ogﬂr‘%l?\*l BE biRAeAs 0P the heat

process dis maximze

transk?éi' sStei 101 THe héut tRAdtdr s@@ﬂéﬁﬁ‘tﬂ is@foaniibe ayktm inchebing a fuel or
transfer with the process sl eeprowg for

fucl instodnetionduibe 1 diraadtion faher HawBiongs PREMable Al suiredis fig] tube
12, %ng%? ? SO c%&?an?ént}cﬁ?g?aﬂ #1881 6, vAliEIP AUkt té hkBsustouh@CRaction

erring presented is a sectional view
tubedf, Sldegprocdss tubk 18hehivhas exteraaltband sB}dSleliﬁ ogidantiabe) HaThe tubes

oF R e Sy B e b8 ) SR RE Rl pdady o
typlm LnBodithcRis! Bk Mitbes bP RStk Y Bgiterh 10 mdyHeandd2, fran any

ant or oxi dant i ntroduction tube 16, which i
su1taémkd emmaércially amallable pipe sidek pesggeiess recigngula tubgstpck. For

N L

our tube system may
stanO#Y ethéEﬁr it BN @498 oiardard, driaay oﬁfeﬁvtankhﬁd fNion-Bimiting examples
condui t . pi cal errbodl nents, e .heat

of sughasry e stgy@ré BIPEGNGHYS &4 WER échueflglﬁl@rwpe as de%;le& Qy the
ANSIVASME B36.10M standard (DN 20 as defined by the DIN 2448 standard), which may

be used for the fuel tube 12, 3.5 inch schedule 40 pipe, as defined by the ANSVASME
B36.10M standard (DN 90 as defined by the DIN 2448 standard), which may be used as
the reaction tube 14, and 5 inch schedule 40 pipe as defined by the ANS/ASME B36.10M
standard (DN 125 as defined by the DIN 2448 standard), which may be used as the oxidant

tube 16. The process tube 18 may be a pipe that serves as a process sleeve that surrounds
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sui table commercially avail abl e pi pe stock or square
or rectangul ar tube stock. For exanple, the tubes may
wheoospggodar d pi pe, according to the ANSI/ASVE B3BUSDING/008419
standard, the European DI N 2448 standard, or any ot her
standard. Non-limting exanples of such suitable
standard pipe include: 3A inch schedule 40 pipe as
the O)gsédt@lﬂ% 18 of 5 enefiNBbY HoME) B bd Qbddsthairmbaomip4sSbé @assgnbly or

efined by the DI N 2448 stand : i.ch
vt kgubek o es Comt A S5 e L L
Oxidaggﬁbgzg by the ANSI/ASME B36. 10OM standard (DN 90 as

“by the DIN 2448 standard), which may be used
aswhhetheaastiowsly listedstauardpigesare podserateh azienanples, paypuitable

def i
pipe ey B RFHdar By (¥t OB ARSI RIREAN0. TRNAIEsep Rl S0 and
highd 3F govgel? Séﬁétﬁﬁﬁé Biﬂ'@?&. e84 6 thEpdRHRA 56y uitbisty b8 usaymay

lat sefves as a process sleeve that
rangesfiisrndGmust(Hencitd 300 nu bk ingh), and in thivease of Adtbednpdls) the

may, be used t hat enconpa S
proccg® Pty e grame Ry SEVEUBE0 AORBEnLy 1y A0 eRErTieey 8 610
cm(2DY88) drdaredtg@cti on tube 14 and oxi dant tube 16. Wile
the previously listed standard pipes are reﬁent S.
e?"ﬁl:mﬂuelﬁt}lbeh% aa g fughtube sngth ewignding Ramds e ﬁ*een?i%&gg s
. e t f 116l Ul
aistalpg 1 e L poF 37 ST 34 R b plll 24 ol GG BRall 24
an C 5] 1 1 V4 R S © casta
d thh fucptude Serieltade iy fael ihabductibe zoselb, wenjchr extends throwghi @ least

N e e L Tt e Ry A
for 11#???@6&% % ef{;? 12083 oMrudor 56‘%1%)3]5). RO Larddwetd ins the Hoel

or greater. The fuel tube 12 has a fuel )
introtiudinlzeng 26 theoghritie firgl inletrenil 28, Whish pravidas regsgs 5 mptgoducing

its distal end. .22, and t ub f d
the ) urouft uebBodiigin e 24 fperchibud il PP i B Prommed
betwgv\%‘r?{hetfh@ QuileeNiHA B8 fdabigorptubel €4, thattis aefiretiibynhe maetichinbe 14

_ I ch extends through at least_a portion o thbe uel

beln% pixetﬁd)@d@mﬁmﬁ‘l tq sl suepndins gherfprel hﬂa%l%-dﬂﬁe ‘{‘?Jtﬂé elé? may further
. urther..pr Qi [1.4 i f i
ety G RS Bt R e R K e L 2 e

f ughe bdriueshBotdre spaced apadtaxidityoione 4 partibuef therdéngth effge fuel

tuberiRand Evidor SUEPIRIB G BRI b So Gad B nd the
comir)lzsél?{l ggﬂéj%.tWh%ﬁgﬁgat hah¥ef stche1( 148h ube)Biee dpértard 32 fienction

action tube 14, that is defined by the reaction tube
by plovidieg agombst for tiecfueldiane mithin the fush intemduetiemenms Fotp ge

. fuel tube 12. The .fuel. tube 12 '
et yrgpeasgr ey Hndfe BRardhs BT AR B

t uhge @@Jchng? BrientXEorPRRY diAd FSheSdbeptufes appuiel thegpas to provide for the
~axiall'y al'ong a portion of the length of the fuel .
introduction of increments of fuel from fuel introduction zone 26 mto the combustion zone
30 in amounts and at such rates as to provide for rapid and complete mixing of the
preheated oxidant and the fuel. Due to the rapid and complete mixing, the oxidation
reaction between the preheated oxidant and fuel is not limited by the rate of mixing. Thus,
generally, it is the combination of the fuel introduction zone 26 geometry, as defined by the

fuel tube 12, and the combustion zone 30 geometry, as defined by the reaction tube 14, that

provide for the fuel velocity and preheated oxidant velocity that results in the desired rapid
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tube 12 and provide for fluid comuni cation between
the fuel introduction zone 26 and the conbustion zone
wW@006M¥mew7 t he heat transfer system 10 i s in useCT/UR®06/008419
apertures 32 function by providing a conduit for the
fuel fromwthin the fuel introduction zone 26 to be
i ntroduced into a preheated oxidant that is passing
and chRpRIMiiRE o£1he N6 flunis. PietreBiibe ﬁhmdggm zwge 26 geometry
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0 exhaust e 36. The oxi dant
introduction zone 40 and the combustion zone 30. In the operation of the heat transfer

system 10, an oxidant is introduced into the oxidant introduction zone 40 through the
oxidant introduction tube inlet end 42, which provides means for introducing the oxidant
into the oxidant introduction zone 40. The oxidant passes through oxidant introduction

zone 40 and absorbs heat energy by the transfer of heat from the combustion zone 30 to
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tube 16 has an oxi dant tube length and is positioned
external to and surrounds reaction tube 14 in a manner

W@ 2008999087 def i ne an oxi dant introducti on zone BOI/E590¢008419
the length of the reaction tube 14. The oxi dant
i ntroduction zone 40 is a conduit, formed between the
reaction tube 14 and the oxidant tube 16, defined by
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wherein the auto-ignition temperature of the combustion mixture comprising the fuel is in
the range of from 400°C (752°F) to 1500°C (2732°F), or from 500°C(932°F) to 1400°C
(2552°F), but more typically, from 600°C (11 12°F) to 1350°C(2462°F) and, most
typically, from 700°C(1292°F) to 1300°C (2372°F).

The temperatures at which the oxidant and fuel are introduced into the heat transfer

system 10 may be in a broad range of temperatures including temperatures that approach
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to forma conbustion m xture. Further, within the
conbusti on zone 30 the conbustion of the conbusti on
WwWOorRRob9®4bccur s whereby heat is rel eased. The PCHDE1006608419

conbusti on of fuel is achieved wthin conbusti on zone
30 in part by the m xing of the preheated oxidant to
formthe conbustion m xture having a conbustion

ambléHt e8RS Bkidirt abd il g aledlse hdaddaitmve gxmbiehtinmpefatm‘e
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26 ar@ﬁp%@?cﬂﬂ&ﬁ%l%@f@é’ﬁ&é&&?gﬂ’g et i B and a ek fAjeitydgto and
Stﬁe B l{ﬂfsﬁgﬁ‘ JodP3PRRN ShaR B BithaticRIOTR fintl Euridigithe cdrbustion

Irin uctron into the heat transfer system
ofth'é'hdmbuitima mmmne rsapreneatedf Théeomixistion exhagsigasesaspomdhe
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the o @&péa&aus%%&r%&mb@stm@dhezoooq3632F) or from
about - 10C(14F) to about 12000( 192F) or,. fr

- 1000% preyssttabe igpogitiougdraseral tygad suFRyRfing | ﬁ%msga‘}l%ﬁ‘ébe 16
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meafls fo‘?&7 wé 91399&35 il dSARhEPiBeEHs TR Sonetsgamixhe prifcess fluid
h e pre e

d prior to its introduction intao the
outlﬂ.‘)elnd SAtprovidesonienns fardischargingniom dheprogess fidsrong PQradreated

ﬁe 10. The geonetry of the oxidant introduction
P“@f 0 and of the fuel introduction zone 26 are such

é’@ 18 aR APECOSE the Inventhel 1eat franstdr sthiem0ebedt peboess fliadzone S0
a fuel vel oci tﬁ into and through the conbust.i on
to be omefigBeedsodhattibiatn hees CRIIAES TAAIOBHIR withthecombystgn gere 30, or

that %}?enlg'ggetsg Alid zone 50 is in heat exchange relationship with the oxidant introduction
zone 40, which in turn is in heat exchange relationship with combustion zone 30. This heat

exchange relationship provides for the transfer of heat energy into the process fluid zone 50
thereby heating the process fluid passing through the process fluid zone 50. Depicted by

the curvy arrows 46 is the flow of heat energy from the combustion zone 30, or from the
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of the conmbustion m xture is prevented. The conbustion
exhaust gases pass fromthe conbustion zone 30 through
w0 bwsosdoaust end 36, which provides neans for PEEUS2006/008419
di scharge of the conmbustion exhaust fromthe
conbustion zone 30. The process tube 18 is positioned
external to and surroundi ng the oxidant tube 16 so as
oxidagt krodusiiongens A qrif@ﬂpb@ibébsscq‘rmhustlomm F0andl oxidynat

oxi dant
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thermgrexpangian Withau resulting in uqnpreutaé mclﬁdnlmadi effeneodnyf mﬂm other

tubed. hlg a@éit%ﬁ% OQHIL 2t?1u%%&L§:glﬂé 9‘3’8 1% A{gllﬁ{en% Stblé:gg%l}zdgagﬁfqg contract
due tBlthermh] expagsioh s4thbutaeshZas BfdefriiféntiitR&hdfic ErRBEDnRe fuel
the closure 56 where it is fixedly attached thereto;

tube ®however, this is an optional feature o; t Ihe hgat .
tr of .fue .
PR asURL STl Pt Phe il 1 L S by
expleif thh banefieofdirdstibeatiop of apeoc3ss M6 t}ﬁsﬁ’glbdﬁe ubeof £RuE-hde

14 t sur 56. The reaction tube inlet end
heatlﬁﬁg?evé??ﬁsrfff?fe'@egﬂn etﬁ% Rrey Qe sHeh npdisationds & the beatimpeof a

procé® flakl 4@ d%h?&ﬂo hatiBh PIFJ?:%SS ih Wlﬂc}f:t‘i’i?@uﬁlg‘rf] 02%3 gﬁ%ﬁ W¥eoltacted

t he oxi dant roducti on tube out _
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10 ere the
dehy@r'gg%{jallngﬁ ﬁ%o er rf)%jlctesgeg ?m%gz p?(;/d?ltct?\r/gly or \sll\ﬂtably exploit the

advantages of the heat transfer system may include steam reforming and olefins cracking.

-

A number of factors may impact the design of the heat transfer system 10;
including, for example, the temperature of the oxidant that is introduced into the oxidant
introduction zone 40, the temperature of the process fluid that is introduced into the
process fluid zone 50, the desired temperature of the heated process fluid and the

composition of the fuel that is introduced into the fuel introduction zone 26.

10
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22 of fuel tube 12 does not extend to the closure 56.

In FIG 2, the distal end 22 of the fuel tube 12
we@zioeng®41 0 and term nates at a point wthin tPEI/US2006/008419

oxi dant introduction zone 40. A fuel tube that is not

fixed to closure 56 will be able to expand and/ or

contract due to thermal expansion without resulting in

det Anysuitable fiid thaniscambaititde irsthe praaence @ff ah bridahthauch as oxygen
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heafel Wkiflg ﬁ%]%a@@ans‘fé}%%&@lﬁ' 104l FRRE R IHE R . Thi ?r&%ﬁ fifld may

rocess fluid and the conposition of the fuel that is
furthertcomprisesicams andtihmay Gather pempritectyrome zmdrcéhemymc@l components
| ui d th resenc

of asdléh%a%g%eglﬁﬁlon reagtﬁ)r ed%c gﬁrlbg'ﬂﬁtdg?}/&b%‘lﬂﬁ él&a l(H'l ?lhe TOCCSS

fluid® fittodhiécdrin®fthé bﬁ)c&%iﬂuld Zc&féﬁO&hro‘ilgﬁ bﬁfébgs(ﬂulﬁi@ﬁ&mnﬂ$2(1§plcally
such fuel s include %dro en and hydr ocar bons.

has p{empsEafirsdh dhe 1Bage 200 LLF0GF) 3o 7%(3(1%9@?%@%6@&11%
o I SSESRSE DR S LR AT O o
649?@(0@9(D°@|)e propyne, butane, butylenes, and butyne.

R SRS SRS e
tran&t@?ﬁﬁﬁbfm 16hR$ Be rﬁ%el}sng%i%ni @0‘@@) doaeC, B, rﬁ&%"cﬁﬁ&alﬁf the

inhi'bit formation of cok The process fluids to b
temperafegiinpizasesie lroﬁletrmehé@ont 5(§’ﬁlsﬂoei00%(9,wérmc§©tmllmfrom

ess fluid to be heated for any purpose.
100%2&%@%?6 the heat transfer systemhas particularly

be el el :pleaﬁ’ﬂhd: Spllicoion'éTehe & ehahsTer! sySteher) is ithRfuse thereof

process fluids that are chem cal reactant feedstock.
to h%ﬁé [debydyagsnatipy procpss fpedgtock camprising sthytbspzege. Inrfach an

appfl&YISHtalp‘ﬂﬂ'al%%f individual units of the heat transfer system 10 may be bundled
together to form a bundle. Each of the heat transfer system 10 units of the bundle may be
designed to handle a feedstock flow rate in the range of from about 800 kg/hr (1800 Ibs/hr)
to about 1450 kg/br (3200 1bs/hr) with the temperature of the introduced feedstock being in
the range of from about 500 °C to about 600°C and with the increase in the feedstock
temperature provided by the heat transfer system 10 being in the range of from about 50°C

11
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particul ar application in dehydrogenati on processes

such as ethyl benzene dehydrogenati on processes for the
woretveNgeosur e of styrene. In such an applicati oPCT/UR®06/008419

process fluid to be heated using the heat transfer

system 10 conprises ethyl benzene. The process fluid

may further conprise steam and it may further

to abOWFASDSE. Forr Yi€ Aésig@) theofublaitbé YPhaad fuebiipe kp@thsin@lie Ange of from
deh dro enati on reactor feedstock. For the

aboyhy &t Ogehde rbertdgpi mdaq fid Eheﬁﬁarﬂg%%%é@ sppgr gpart by a distance
in QLB 15l 1875l ) ok el s o e

fuel tnbé¢ H:thuaprypeidifig s fom é&&)ﬁ(%&ﬁ@ﬁﬁres 08} Rﬂ)ﬂlﬁiﬁ}lmr momrapertures

slong/B iheitor che i) b cicimesuted miy ol boguepted T i s

resﬂe@WaéfaPﬁlﬁnés% ﬂ%@eg?ée flt@d%@&ﬁﬁﬁﬂd déofbchpRhBHoRY The
use of the heat transter system 10 may De in the range

dlametelf ofghe axiures 004y bdimtthe mnge of {rpincabbhit).7 pime (0.03 lncheS) to

abo &l az(z% erﬁ%xg%‘)rfvgqn&e %}Q a1%e ?ﬁefglgeegf ! rg]g 290G 4 con51st1ng of

hydﬁ?@ﬂnh@thﬁﬁe tihané PRdpase b dmi@hres ARrddEaThE flﬂﬂ'isflﬁfro&)b&ﬁ tHfbugh
is in the use thereof to heat a de%édrogenatlon

fuelgplst ends2¢ imbqidie dagl lmmdypﬁl@ mwae 201y b hieah Hewerate| ip tha repgeef from

3 i f

aboﬁtp(p k réljl}%g 5e r@cfgi u&% l% A“@gt“\é’usgﬂﬁi A ef %i ﬁoxh{éﬁt is air,

whitlisihiodisadl tlﬁougﬂnndamt 1ﬂti’dﬁudft&mttubcf i fead 43 yrﬁb ¢ra olkddant
units of the bundle nay be designed. to

intrednctien gene 44 %N%@W W theEnga A gowfabp%qr? iin (3t to

aboﬁg4ghph%§Q95¢ ?r) to about 1450 kg/ hr (3200 | bs/ hr)
wth the tenperature of the introduced feedstock being
in the range of from about 500 C to about 600C and
with the increase in the feedstock tenperature
provi ded by the heat transfer system 10 being in the
range of from about 500Cto about 150C. For this
design, the fuel tube 12 has a fuel tube length in the
range of from about 4.5 m (15 ft) to about 12.2 m (40
ft). The apertures 32 are spaced apart by a distance
in the range of fromabout 15 cm (0.5 ft) to about 6 1
cm (2 ft) along the entire length of the fuel tube 12
thus providing as fewas 7 or 8 apertures to as nmany
as 80 or nore apertures along the length of the fue
tube. The apertures may al so be oriented in each of
the respective radial planes at the 0 degree, 120
degree and 240 degree orientations. The di aneter of
the apertures 32 may be in the range of from about 0.7
mm (0. 03 inches) to about 5.1 nm (0.2 inches).
Preferred fuels are those selected fromthe group
consi sting of hydrogen, nethane, ethane, propane and
m xtures thereof. The fuel is introduced through
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fuel inlet end 20 into the fuel introduction zone 26

at a fuel flowrate in the range of from about 0.14
wordloaioppogd scfhi) to about 1.1 nB/mn (40 scfnpCT/BS2006/008419

preferred oxidant is air, which is introduced through

oxi dant introduction tube inlet end 42 into the

oxi dant introduction zone 40 at a flowrate in the

range of from about 0.4 £F/ AIMSLI5 scfm) to about 4.2

nB/mn (150 scfm.CL Al MS 1. A process system

conprising: a fuel tube having a fuel tube |length and

1. a fAplocksHstom, bothpadingtef i ne a fuel introduction zone,
V\/nergi n said fuel ubegi ncl udes a distal end and a

a fuel jabe hayiing a Sied tyberlength pashiaiehtyiba Wallghatidefine 8 fied irftroguction

' | e rein al.o ajd fuel .tube .
zonp ShE R S et oA L 8o e fr it egcing o fuc
intosspiicbel iapadiictiop o) a8é wharefresl6hid suid fulePaibb etigfiard through said
reaction tube | ength and that is positioned externa
tubg Wall fip RIBFAlB{HAPACPdaRPH apei@liteube so as to ther eby
. . : I ’
o o P R 26 R B o hltifed Pty
surrewmatlifgsaid fretinbeng aatq)ﬂleﬂa:byxﬂeﬁineaa(d:(dﬂmstiblg tmleISqead)ﬁg said fuel tube
t.i n exhaust end for discharging a
Tengi ehisin 71 é%gﬁag?ﬂ’ﬁ it SSACHOR Bbs iRl et o 191oisec1visg @ preheated
oxiEME ki adrfbuidtibh 2bhd dhd2h KRAGEEPRA ﬁfscl?d?g?l:ng l'411][c8>§'1bustion

provide for fluid communication between s _
exhyst froanseid epmbasiien zong, aal wheroinisaisttilenliyafepaced apait dgartures

[: [Lon tube.having an.oxidant .introduction.tub ;
profid o oA oSS BB eon GO aid ombustion
zongur roundi ng said reaction tube so as to thereby define

an, oxj dant jintroduction zone along said reaction tube

an oxidagt igtrodirdiontubediavings axidant intodeetisattiomlengthand shat #n
X ] ' ' . r.1Rt ' an. .
posifibhifiherhdled 804 Gt At At Bhciion T ool 1d INCF Yl i
intrasbucdemzonieral ongdsatt reastionuistes length evhersid sﬁiﬂroxﬁﬁﬁchlgfogﬁﬁgm tube
id d oxidant fr Sai d oxidant, i ntroducti on
has 3B G o O ot e g S
intrddubiGtne 208 ah BRRIaAUNIr6ducEBA i ulled chdifBr (‘iilséﬂapgéng said
comruni cation with said reaction tube inlet end,” and
prehgpied exidastHfram ssifl @aistant introduttion izone intms2id eormbnstiemtone through

: i.anshi-p. Wt h .sai d ustion zone;. and.,a
sad SR EABNR B R Sl PR b SRR L e g S
reactio tubd et @dsaidiwherbitianid dxidand Huolh@dnz08€isSA hes dxBhange

hereby define a process fluid zone al ong sai d oxi dant

relat}“ﬁ’ls 1atith $aé>41cqr{alwtip@ﬁ@t%a@4 sai d oxi dant introduction
a pr&c‘é&ettubéé\ﬂ%f %i&)r%si%i@héjd BLARESS ahd Qlﬁ-rcnﬁlﬁm% RICEEE [ditdafction tube

Inle
so as to thereby define a process fluid zone along said oxidant introduction tube length of

said oxidant introduction tube, wherein said process tube has a process fluid inlet end for
introducing a process fluid into said process fluid zone and a process fluid outlet end for
discharging a heated process fluid from said process fluid zone, and wherein said process
fluid zone is in heat exchange relationship with said combustion zone.

2. A process system as recited in claim 1, wherein said apertures of said plurality of
spaced apart apertures are spaced along said fuel tube length and are sized so as to provide

for the introduction of increments of said fuel into said preheated oxidant within said
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i ntroducing a process fluid into said process fluid

zone and a process fluid outlet end for discharging a
whe@bebopr ocess fluid fromsaid process flui d rONES208616)8419

wherein said process fluid zone is in heat exchange

relationship with said conbustion zone. 2. A process

systemas recited in claim1, wherein said apertures
contifusian zbnglsuctaihht whef sakbmcetheapaoitsaidfaclitans Rxcdrveitls pad ptheated

.along said fuel tube length and are, sized so as to .. .
OXI%D&Q.%@@ PSR PNt i Suish T3k 2 perpitOR0sCH thag jsot limited
by th 8lte bPfnfig@l d preheat ed oxidant within sai dconbustion

zone such that when said increnents of said fuel are
3. mi x&grogesssystainchspeatedan enly ofdlaianstl-2, wivartin shid lneat erchiangee
i.s forned such,that a co stion occurs that.is not .
relafngt S At oSi ol e S TRt 23 S S obbBSciap o proyides for
the h€fing®H sdid oRIMNIAD yid1dk4T8 plehdatedbgidghtn t he heat
exchange rel ationshi p between sai d oxi dant
4. i ntA pEgets sypfepcisaeciied i anylotdmmsdt-3.ovherein saigheel axekange
. t | . | .
relali Bl ot €8 SalnBlecs Hulft SIcARE bail St fbaBhE progifes for the
heatiiiy odaidpracess flhidko yidle k4 hestad grosestilékchange
rel ati onshi p between said process fluid zone and said
5. corbBECEYsigMeas pcdied e any of claims Indayhergn she heat exchange
relaﬁ&?s‘l‘qg)sﬁetévleéﬁ Gid idhR lixﬂrcﬁﬁh@oﬁ‘ﬁﬂk%ﬂd Qéi@ %ﬁﬁﬁﬁugtlo%' zgne Rurther
A process systemas recited 1n any of clains 1-4,
provilles i a pteheathd axidentdbrapereturedodaidoprshdagedoedi dene suchahat said
xi dant . i ntroduction ,zone and sai d conbustion zone. ..
o G PR IB SO BYStE0 S hE B Pe e SR oet s Sgrigpition
temPérafiid &f RIERMRHoPEaR such that said combustion
m xture has a conbustion m xture tenperature exceedin

6. t heA aracess sysiem; as sieaitedpe pay off daiots 1shivheseinidaid oxistant introguction
] . . > .ecl t in apy of . .
ron S chrac LR S oA S AR B B e pa e

intrédiictibe roredia figrttee chat sderined by achtldanbdickibh gebiaétiy Wheeshe said
geonetry, wherein sajd fuel  introduction zone is

fuelflavﬁ’&w% Begmagttyerdsant eydant intradustinn 2986 €eTBFIT Y, RE FEEh 35, to

proxyiﬁg f&'arfuélaz'eﬁ)cgg %Jld h ﬁ}erhggtgg Bkﬂgntgﬁ:m& t¥at gﬂﬁreﬁtathg formation of a
oxi dant I ntroducti oh zone geonetry afe such as to

flanpr dwringesaifdmonduftinl. vel ocity and a preheat ed oxi dant

vel pcity .t hat event the formation o flame durin
7. e e Rresh i hRE py O eRD b et fuchad diet BB a
proJﬁﬂﬁiﬁ%?s%@otﬁM@es:and di rect heating of a process
fluid, said systemconprises: in concentric

in corgentricaplohPyship affuel introfucberuzanieom combustion zeraribn oxident
i o P, B AR R RUGRR s dened
by félfinfa@dhiction means for introducing fuel into said combustion zone that is defined
by a reaction tube external to and surrounding said fuel introduction means, and wherein
said oxidant introduction zone is defined by an oxidant introduction tube external to and
surrounding said reaction tube, and wherein said process fluid zone is defined by a process
tube external to and surrounding said oxidant tube.

8. A four-tube direct heating system as recited in claim 7, wherein said fuel
introduction means includes a fuel tube having a fuel tube length and a fuel tube wall that

define said fuel introduction zone, wherein said fuel tube includes a distal end and a fuel
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by fuel introduction neans for introducing fuel into
sai d conbustion zone that is defined by a reaction
wao aive/0g08er nal to and surroundi ng said fuel PCT/US2006/008419
i ntroducti on neans, and wherein said oxidant
i ntroduction zone is defined by an oxi dant
i ntroduction tube external to and surroundi ng said
inlet exatforr mtrddutmﬁg adoel imb anidi fuelaaﬂr@ﬂlmnon:m fhdwhergtmnaongssaid fuel
s tuhe e ternal nd surroundi ng
tub oo AR AL oG Wl f B IUrA§ 1 s aPed AoRCARe g Tt provide
for BYRA@HnAicRBh beveeR sl %éplguodﬁﬁﬁiir?k({hesdﬁﬂ daifi léSanu tlo Zone.
i ntroduction neans includes a fuel tube having
9. t u b% fourrigbedizastihenting eysterlae regited int zha/tof@an é-% a&{hﬁreﬁm gdid
duct er said fue
readiBut e 1520 B op R bt Seigt ohe i sbd ey TR o
pretated oxaiagt ftdaid BSrhIGHEH 6n, ARNE ex3HAlst\WAE & discRh M a
said fuel tube |ength and through said tube wall 1s a
conphusticq ¢xhgusy frogpesideprabustion apre:t ur es that provide for
flu |
107 o b S SRR Bl Pheele RESR B8 rtfedin S on PR @by sia

oxidwaintloguctionttaie iasludexdr @dddnd imyduedonctube hgth; &n oxidant

. r.ein_said reactJon tube includes a reaction tube
mtr%@wa% tubg mlgtend; fgpingroducing appxidant tmigsaidaxidapt wgroduction zone
and%%glﬁﬂ hE8 68 c({ll@ﬁ ttu‘tie RebHIFoF & Bﬁﬁ%hg Eaid Piheatdd gx?ﬁnt from
exhaus end dISC arging a co I on”exhaust from
saidseii¢hnt mtltn)dadztlamrzon@ 8o sdid combassion-zonbthralighesaid dyiddni imroduction

cit any of .cl ai 2-9, .wherei.n said
tub g GtleE ARV Strcfuid ForRinRhuicn SiuBseidnersyprtiee et éhd and
wheréth s8id Wkidagtintrd@ctiof REAdYs iR Red ek SRR ke tdMtioasHp Wil saldibe
inlet end for introducing an oxidant into sald oxidant
combysBHAPEEI on zone and an oxi dant i ntroduction tube
t rel | f rom
11, Qo Rt iRl SBER &R RRLE R S0SE g f116E Pheldifia

procib@snmbé ichudgh a@ﬁiodssﬂmd ailét éndifoomtrothicig & plkbees@lﬂdld?tnt@ sed
his influid co nication with said reaction
Pfo"ceéfb i zope progesy Hiprbowsieh cndifoy disgharging ahepted diracpofuid
ﬁ'orﬁ Qz{i& pfo%eésﬂﬂth@ 3bné éﬁch@ﬂ%nf S PPN ki 2’3 ks Redt exchan ange
nbustion zone. . four-tube direct eatlng syst
relaHQShmwttbslaldnomh\}stmh zohal ms 7-10, wherein said process
tube [ udes a.process fluid inlet end for
|nf$ Ig%ess fluid into said process fluid

1ntré’dilﬁﬁlg&rlﬂeﬁnﬁf@ﬁ1@15ﬁbé hawiflg 8 Gidl Atbeadithih Bid & iRt RMBE HWaNGha define
heated process fluid fromsaid process fluid zone, and

a fuglaireduetion pensy whereissaid fiielitupe irclydss ardlswé@nd and A&y énlet end for
1ntr<§(ﬁ1 % sgﬂsfﬁélqny& staﬂl Ql 1ﬁtr8(%ﬂ;? %om?é’] fﬂ%@ 2 rel al?%ﬁ% g:ngfﬁl and

ntr O
ﬂxroag}iseedimbub&lll 1eagallhalap@fapefcu@hpdrumnwsj t hat define

introducing a preheated oxidant into a reaction tube having a reaction tube length and that

1s positioned external to and surrounding said fuel tube so as to thereby define a
combustion zone along said fuel tube length, wherein said reaction tube has a reaction tube
inlet end for receiving said preheated oxidant into said combustion zone and an exhaust
end for discharging a combustion exhaust from said combustion zone, and wherein said
plurality of spaced apart apertures provide for fluid communication between said fuel

introduction zone and said combustion zone;
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15

a fuel introduction zone, wherein said fuel tube
i ncludes a distal end and a fuel inlet end for
WO paosoehee’ ng said fuel into said fuel introduckP¢DOS2006/008419
zone, and wherein along said | ength and through said
tube wall is a plurality of spaced apart apertures;
i ntroduci ng a preheated oxidant into a reaction tube
intrbducinpoareoxiémt irite an bxident! isthgivotieum thbk hating an peRiaht iatredliction

ternal, to.and. surroundi said fue). tube so.as
tubg ﬁéﬂ@kﬁ‘yd&‘éﬁt FWSHIOSS@‘B’EP& E‘?? a{@ﬁgrraql %aéﬁe rpagtiny tu {"’uiﬂaas to
theﬂeﬁf 8ifhe M@(‘i@dnﬂuﬁﬁﬁgctfo%%hé %ng HQS rERBoRtdbe %Hg'tlp Qvﬂei’é?x? said

et end receivi ng sal d pre heat ed oxi dant
oxidzaait dltmdnﬁumttubmhazscm@xmdt iatrodudtimnsubedntet et for 1ntroducmg said

o B SRR LB RS

dischBitg KaeBprieh&Yddiexidl Mt filohidat 6603 Mitub@sh RleWaBRaigal d
fuel 1 ntroduction zone and sai d conbusti on zone;

conjbystiesensic Hlerongh said eidentiipiredughoniubd artletiend mddelcs i fluid
nunqca{?lgs}{ IV&"]&] ﬂi I%X%tﬂ)%r}[:bé ﬁlﬂe{t %x?&J %‘ﬁh theE'elilx? ?alli gi?i%%}il 131!?%ductlon
poSI lone surroun

zoné éviathegtrexthtdge selatichship wlnega&byord@isheﬁ zédie; OXi dant
i ntroduction zone along said reaction tube | en

th,
intro@neing apresgss flyid 192 profess ihedhatan Pesityened s¥tegsl %wuiam
sunbﬁﬁ(gg% Y64 bRattyREodualieh 1B b0 dt'hct | gﬁé‘&ﬁé‘egpx% dsg fluid zone

oXI into sald oxidant intro n zone an
alonp@atboridim imteductionombe, wieran sdié preesk thbe habi asprheasg lﬂugl inlet end

sai reheated o nt fr m sai I dant i ntrodugtion
for 3 findudirf S Biote B B S DBRESS HRS GUTF 0 ProsesRN outet end
for 4i8¢HaBEIHE h hefted ploBesR Ylui®fro@NdidMtb&dds K18id Zdnk, dhdGvherein said
communi cation With said reaction tube inlet end, and
proggrefleidrrosaisdn briteaphangn relgituskip ovithyssiecdmsbustion eene;
t t ne;
ciseE AR S arROs bRt 50 s RS RUBE o680E ¢ e
dischargpsdaid wmﬁﬂxs&«m exhaast ftoin 84id combuiondiong sai d oxi dant
i ntroduction tube so as to thereby define a process
fluid zone al ong said oxi dant introduction tube,
wherein said process tube has a process fluid inlet
end for introducing said process fluid into said
process fluid zone and a process fluid outlet end for
di scharging a heated process fluid from said process
fluid zone, and wherein said process fluid zone is in
heat exchange rel ationship with said conbustion zone;
di scharging said heated process fluid fromsaid
process fluid zone; and di scharging said conmbustion
exhaust from said conbustion zone.
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