25 August 2006 -1 PROCESSES FOR REDI STRI BUTI NG HEAT FLUX ON PROCESS
*.TUBES W THI N PROCESS HEATERS, AND PROCESS HEATERS | NCLUDI NG THE SAME

FI ELD OF THE I NVENTION 5 The present invention rel at es2dcAugast 3000

nmet hods whereby heat fluxes on process tubes within process heaters may
be mani pul ated so as to be nore equal circunferentially. The nethods of
the invention are especially well suited for use in coke sensitive fired
heaters enployed in the petroleumrefining industry, such as coker
units, vacuumunits; crude 10 heaters;tand the |ike. BACKGROUND AND
SUMMARY COF THE | NVENTI ON Mbst coke sensitive heaters or furnaces, such as
coker, vacuum and crude heaters, are so-called single fired units which
enpl oy a source of conbustion generally centrally of -an array of process

tubes. The 15 pp@epgedHBesRHEDE liﬁﬁ*lﬁé'l-'l ARGk UIE PHOCESSY

citounfer ent | aTWEES WITHINEROCEGS PRGCESSHERTERS ©"

segnents of the tube adjacent d NG TH) ment of the heater are
typically hotter than the circunferential segment of the tube adjacent
the refractory wall of the 20 process vessel. The heat flux on the hotter

fired side of the tube result Mal tenperature as
conpared to the refractory WB.EL@M l = A hi gher coking
deposition rate internally of the tube at the hotter fired side thereof
is the het result RigeaNURRtiPTerRtehorreratly i methedswirreby hgaposi ti on.
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( ' to be more equal circumferentially. The methods of the invention are
especially well suited for use in coke sensitive fired heaters employed in

the petroleum refining industry, such as coker units, vacuum units, crude

10 heaters, and the like.

BACKGROUND AND SUMMARY OF THE INVENTION

. Most coke sensitive heaters or furnaces, such as coker, vacuum
and crude heaters, are so-called single fired units which employ a source
of combustion generally centrally of an 'array of process tubes. The

15 process tubes are thus typically positioned closely adjacent the refractory
wall of the heater which resuits in uneven circumferential heat flux

(o

distribution. That is, circumferential segments of the tube adjacent the

combustion element of the heater are typically hotter than the

circumferential segment of the tube adjacent the refractory wall of the
20 process vessel.

The heat flux on the hotter fired side of the tube results in highér
tube metal temperature as compared to the refractory wall side of the
tube. A higher coking deposition rate internally of the tube at the hotter
fired side thereof is the net result of such uneven circumierential heat flux

25 deposition. Such unequal intemnal circumferential coking also ieads to



_2_ premature disadvantageously high pressure drop through the tube o
and/ or a di sadvantageously high tenperature at the exterior surface of
the tube (i.e., the coking on the internal tube surfa8 Angastd066

i nsul ator). Consequently, reduced operational run lengths for the fired
heaters 5 ensue. For exanple, a typical coker unit requires decoking
every six to nine nonths, with sonme coker units requiring decoking every
three nonths. There are al so unequal heat fluxes which exist within the
process heater itself which can resul£ in relatively uneven coking from
one tube 10 section to another. Thus,“Sone tubes or tube sections may be
cl oser to the conbustion source as conpared to other tubes or tube
sections within the process heater. Those tubes nore renote fromthe

combustion premistere(dBsaivantatRotsiyuRgspieeaird deptiRbugh theeuteaid®sr Wwhen t he
conbustion source is at the heat er botto may have circunferenti al

segnents of & AieadeaAntagROURY bmhéawsr&turg 3tdhe extemieasuripesobibedebpared to
simlar cirg %ﬁﬁé ﬁ&% h@%n%ﬁgqﬁ ) Pf%ﬁe%lc%fﬁ aﬁ%s@ﬁgﬁomus“ on

source even Cl I‘CU eren segnents are ori ted so as to

face the hea(tonmmenay addbyed hperaﬁ@r‘mlsmm mrrngﬂmrlro@ﬂne fitedweusterst her ef or e. be
hi ghly desirable 1 f process tubes or tube 20 segnents within fired

vessel 8 coul WE- |Frﬁ5<'§’le=‘ %%Wp&ah@ﬁ‘@rl‘j‘ﬁltﬁ'%q%e FOUHLPERY FI'0heat f1 ux
di stributi 03\ %e%dl‘ﬁh’é it Q%Og\?@%rﬁﬁ%ﬁu %@Bk!ﬁg h‘i‘éﬂ n the process

heat er coul nor e equa but e virt pr ovi di ng
di fferent t uhesthand/ or tube sections with predet erm ned di fferent, but
local Iy substantially uniform. circunferential heat flux 25

distribution. It 3s therefore to fulfilling.suc eds that the [
br esent i nvent | oA A ASL IpUsEnGel Jifet Wit SIS Gt HRE Brocd®s ‘

heater itself which can result in relatively uneven coking from one tube

10 section to another. Thus, some tubes or tube séctions may be closer to
the combustion source as compared io other fubes or tube sections within
the process heater. Those tubes more remote from the combustion
source (e.g., those tubes near the top of the heater when the combustion
source is at the heater bottom} may have circumferential segments of the

15 tube which exhibit a lesser heat flux as compared to similar
circumferential segments of tubes closer to the combustion source even
though the circumferential segments are oriented so as fo face the heat
generated by the combustion source. |

it would therefore be highly desirable if process tubes or tube

20 segments within fired vessels could be imparted with a more uniform
circumferential heat fiux distribution. 1t would also be desirable if heat flux
within the process heater could be more equally redistributed by virtue of
providing different tubes and/or tube sections with predetermined
different, but locally substantially uniform, circumferential heat flux

25 distribution. It is therefore towards fulfiliing such needs that the present
invention is directed.



-3 Broadly, the present invention is directed toward nethods for
“.providing nore equal heat flux distribution about an exterior
circunferential surface of at |east one section of a p26csugusti2R06. t hi n
a process heater, and to such process tubes on which a nore equal 5
circunferential heat flux distribution has been inparted. Mre
specifically, according to the present invention, there is provided on
at |east one circunferential segment of at |east one exterior
circunferential surface section of thelprocess tube, a coating of a
material having a selected thermal em ssivity and/or thernmal
conductivity which is different fromthe 10 thermal em ssivity and/or

exteror o reunt ernedl BEHAE FERBR Y BP0l TiRbofhiy’ T oo Slen &
manner, a nopeoeding mbleesdqirl hearftlxcdisnbatiombbot sanex@stior ety of the

exterior circunferential surface section of the process tube is-
est abl i shed &ECUmigranidal suface of ahlearedne: spriignt A AdE0Lsss lubeaylivue in t he

absence of t %%t' | ' eat fl ux
di stributi on%g? r cur#éé?%rh%ﬁgﬁfgy%mﬁﬁégg% ﬂgjeésrsbéﬁ‘f\(ﬁ@h% mﬁﬁé‘egéu%nd ot her
aspect s and zidvamfergaialvidak fithe daibution dasp@ndmpaabt e Mararspleoifically,

consideration is given to the following detaile descri ption of the
preferred ex@p?" %%@cﬂ@%@ﬂ%’“ﬁ%?%&?‘?@@ %ﬁl"gﬁd BE@(EI’@‘%FIO@QI.O: THE

ACGOVPANYI NGcP%W&'@ﬁtial@ﬁgﬁ{e%‘%?ae’%gét SkiBabt ﬁfcuﬁﬁe@ﬂtﬁhéﬁédée

acconpanyi ng draw ngs, erein | reference nunera roughout the
vari ous Fl GURESiaenbthe procéss tabeya coaling ef 2 maersl haminguhselectied FI GURE 1

o 0SS SRl A ESTEA  HeEH re B SbhiS BB L
August 12006  thermal emissivity and/or thermal conductivity of another circumferential :
segment of the same exterior circumferential surface section of the
prbcess tube. In such a manner, a more equal thermal conductance
about an entirety of the exterior circumferential surface section of the
process tube is established as compared to the thermal conductance
15 thereabout in the absence of the coating, thereby resulting in a more
equal heat flux distribution circumierentially on the tube section. -

) These and other aspects and advantages will become more
) apparent after careful consideration is given to the following detailed
("' description of the preferred exemplary embodiments thereof.

20 BRIEF DESCRIPTION OF THE ACCOMPANYING DRAWINGS

Reference will hereinafter be made to the accompanying drawings,
wherein like reference numerals throughout the various FIGURES denote
like structural elements, and wherein;

FIGURE 1 is a cross-sectional schematic view of a single fired
25 coker unit having process tubes in accordance with the present invention;
and



-4 FlI GURES 2A-2D are enl arged cross-sectional schematic views of one -
presently preferred technique to inpart a nore uniigqgﬁ wdtr2006F er ent i al
heat flux distribution to process pipes in accordance th the present

i nvention. 5 DETAILED DESCRI PTI ON OF THE | NVENTI ON Acconpanyi ng. FlI GURE
1 depicts schematically a fired process heater 10, such as a single
fired coker unit. In this regard, the heater 10 includes refractory

wal I's 12 for purpose of minimzing heat loss fromthe vessel, and a
nunber of process tubes (a few of whi-ch are identified by 10 reference
nunmeral 14) arranged adjacent. to the walls 12. A heater unit 16 is
provided so as to provide a source of heat as schematically shown by

flane 16a. Th seen fromFIGJRE .1, those portions of the
Lubos Ta i o GHEES BA20 € SRk S b DS E oAl s hale et ey o
conpar ed drie Hra8sRtPercieeasd tehnidue tburhgéna%m Ghfe | mredi ately t5
adj acent the refractory wall 12 thereby |eading to the probl ens di scussed
briefly atiwusiersotanfraliuxgisriimiRrSoprocassdypes in aedeetanceowsith y preferred
techni qu [ with the present invention so as to inpart a
" nore uni 5@?%¢%§$‘3W@3§ﬁnm heat flux distribution to the tubes 14. In
this 20 regard, as shown in FIGURE 2A, a representative process tube 14
is shown with a circunferential scale deposit 20 on its exterior
surface. The scal BEZAlcED DESCRIRHON OFcTHE INVENTONecr eased heat fl ux.
Thus, according to the present invention, a circunferential region

(noted by the Aaohgshnyirer|GIORE asgaietisehematcalRf £hivagsobeser al 20a) of
‘the scal e deposit 20 may be 25 reﬁr\’/ed fromthe%{ ube 14 adj acent the

ref r act or§eatal 10 suchrsw saglediret fekersunit dndbisgeperda¢e hegtepdOacconpl ilshed
via any SMbﬁﬂg% %}%ﬁﬁ@@o\&%\gs A 5 puBS AT nintRSir ANk PSR4 echni que

descri bed I'n
vessel, and a number of process tubes (a few of which are identified by

10 reference numeral 14) arranged adjacent to the walls 12. A heater unit 16
is provided so as to provide a source of heat as schematically shown by
flame 16a. Thus, as can be seen from FIGURE 1, those portions of the
tubes 14 which are directly exposed to the flame 16a are hotter as
compared to those portions of the tubes 14 which are immediately

15 adjacent the refractory wall 12 thereby leading to the problems discussed
briefly above. |

kY
.

Accompanying FIGURES 2A-2D depict schematically preferred
techniques in accordance with the present invention so as to impart a
~ more uniform circumferential heat flux distribution to the tubes 14. In this
20 regard, as shown in FIGURE 2A, a representative process tube 14 is
shown with a circumferential scale deposit 20 on its exterior surface. The
scale 20 can of course itself provide decreased heat flux. Thus, according
to the preseht invention, a circumferential region (noted by the dashed line
representation and reference numeral 20a) of the scale deposit 20 may be
25 removed from the tube 14 adjacent the refractory wall 12. Removal of the
scale deposit 20a may be accomplished via any suitable technique. For
example, the sand blasting technique described in commonly owned



25 August 2006 -5 copending U.S. Patent Application No. 10/219943 (the

“~entire content of which is expressly incorporated hereinto by reference)

may be enployed so as to selectively renove the circu2fehegust2006gi on
of scale deposit 20a and thereby expose the bare netal of the underlying
tube 14. 5 Wth the circunferential region of scale deposit 20a renoved,
a coating 22 may be applied as shown in FIGURE 2B. In this regard, the
coating 22 is a material which is selected for its emssivity and/or
thermal conductivity properties so as %o achieve a desired thernal
conductance (e.g., in terns of heat transfer per unit area through the
tube wall) about o the entire circunferential surface region of the

tube 14. As ( nt to
refer to a oreTEd BiRaeh SRR oo 4blaislesd R Sk LabBr B

ener gy ref | atichdsexprutsly. iAcdrpopeet Geteinitbl takidredye) raapablengibydodt al

ener gy absorpt ion and re-radiation). According to the present invention,

a 15 rel at i vBP @#SK? ghleshyaly rempye the Ciraumigrantial 639'%‘? gt sqale deprsiiPa
t s h t f t 480, d |1
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nmeant to refer to coating materials having an em ssivity of |ess than
about 6. 80, usual With-theessumhanentibloegiod.of Scéle.dgposh@Oacemoabda 0. 15 to

bout 0.75). L t bt t 0.45 t bout 0.75
[ kovi s be COBIGZR BV ePPIEEs SHeh bt o de e AulRbOadafig
material s t habaifRy22 Ra AIECHSEhibR s émecﬁé@?dru@eerﬁﬂ‘ssivh? aRGRY %Errria‘iwem I on

can be from about™ 0.15 to about 0.98 and depend” upon the specific
r eguu r ement s coe@uiity poopestiepse ab |t@60ﬁyem es@sveé dgrma 5om§ue1amceae

sporec ated. o seabe dspaslh g el lo P CGLALLYELY gl ther

10 the entire circumferential surface region of the tube 14.

As uséd'herein, the emissivity (E) of a material is meant to refer to
a unitless number measured on a scale between zero (total energy
reflection) and 1.0 (a perfect "black body* capable of total energy
absorption and re-radiation). According to the present invention, a
15 relatively high emissivity (E) is meant to refer to coating materials having
an emissivity of greater than about 0.80, and usually between about 0.90
to about 0.88. Relatively low emissivity is therefore meant o refer to
coating materials having an emissivity of less than about 0.80, usually
less than about 0.75 (e.g., between about 0.15 to about 0.75). Low
20 emissivities of between about 0.45 to about 0.75 may likewise be
employed. Thus, the range of emissivities of coating maierials that may
be employed in the practice of the present invention can be from about
0.15 to about 0.98 and will depend upon the specific requirements needed
for a specified process vessel.

25 As can be appreciated, the scale deposit 20 will exhibit a relatively
low thermal conductivity, but relatively high emissivity. As such, the

coating 22 is selecied so as to eséentially provide a more uniform heat



coating 22 is selected so as to essentially provide a nore uniform heat
11 25 August 2006 -6 flux about the entire circunference of the tube
14. Thus, the differences 1in the emssivity and/or thermal conductivity
of one circunferential region of the tube 14 as conpat®Augusyd r
circunferential region (e.g., as between the region of the scal e deposit
20 and the coating 22) is such 5 that the entire circunferential heat
flux (thermal conductance) is rendered on average nore uniform when
consideration is given to the fact that one region may be nore hot in
use as conpared to another region (i.e, is subjected to differential
thermal conditions in use). In practice, it is preferred that the

em ssivity differences of one circunferential region of 10 the tube 14 as
conpared to another circunferential region of the tube be at |east about
5% and t ypilcalabputthel erdise ciahounterdds ofrthedulze (€. dhps,dhe differesces ty

di fference of, between,. reci at ed

b 50t bout.50% . It.wl be.
Chat b T et aRE N AR los e cRAMNCy R ane irtiplarSRid P8HRG,  hbout
the entire ef iHaHibBHEESLcOhparkd thubRtid chednfirehfal rééioar(gﬂ,d%ea mor e

uniformheat flux within the process heater environnent per , avariety
of techni quéstwesn e regisinagidde scae depasibR,and the coating 82)isttiugh- E or | ow E

ad; acen: -t noRdhE Rl leRERE R PR el e el Copd R P ey
al ternati veloy dvesigashopd uhf@mtadbhronsideraiddii gm@\ltb Yhd fict #ht one _
alternatively), the scale 20 may be renoved and a coating 26 possessing

desi red eni $8@IONMYARPRINETE bghtiuesa 95 e9Mprigsdptaneiherdgaiee (appls ed on t he
hot side of &Pt% . | . I t),.w.1 1. he.appreciat ed
that within s{uﬁ@e C{enw rdéﬁer‘r%m[agﬁ %%‘%859@55 "gﬁsé%?f elp \gi%é,tlclgt ’tr?rsgy be {
necessary t @reieoeddieatthe enmissivitiediffebmreeamdbae circumferential region of
10 the tube 14 as compared to another circumferential region of the tube be
at least about 5%, and typically at least about 10% or more (e.g., an

emissivity difference of between about 15% to about 50%}.

It will be appreciated that, within the desired goal to impart a more

uniform heat fiux about the entire circumference of the tube 14 and/or to
15 provide a more uniform heat flux within the process heater environment

per se, a variety of techniques may be employed. For example, a-

relatively high-E or low-E coating 24 may be applied additionally onto the

refractory wall 12 adjacent the coating 22 as shown in FIGURE 2C, or

may be applied altermnatively instead of the coating 22. Additionally (or (
20 alternatively), the scale 20 may be removed and a coating 26 possessing

desired emissivity and/or conductivity properties may be applied on the

hot side of the tube 14 as shown in FIGURE 2D.

It will be appreciated that within the environment of the process
heater 10, it may be necessary to provide one or more tubes and/or
25 longitudinal tube sections which exhibit a different heat flux as compared
to one or more other tubes and/or tube sections within the heater 10.
Individually, however, such tubes and/or tube sections will each most

preferably exhibit substantially uniform heat flux circumferentially in



25 |l ongi tudi nal tube sections which exhibit a different heat flux as
conpared to one or nore other tubes and/or tube sections within the

"~ heater 10. Individually, however, such tubes and/or tu sec%&aﬂg Wil
each nost preferably exhibit substantially uniformh gﬂl&‘bﬁ )
circunferentially in 25 August 2006 -7 accordance with the present

i nvention as has been described previously. However, by providing
presel ected different circunferential heat fluxes of tubes and/or tube
sections which are nonethel ess individually substantially uniformwl|
allow the heat flux within the environfient of 5 heater 10 to be nore
evenly redistributed. Coating thicknesses on the tubes are not critical
but will vary in dependence upon the desired resulting thermal flux
and/ or the j ; j f; Jid GRA : > ing
t hi cknesses%}%#ofdgbn@a ltcr)ltr}? E?r%génté@éélﬂtﬁg@ts%ss rrayci%sgnggg 6%‘&?@%1% for a

gi ven tube dpieeat hoprovidind pldseteraed difedem sircuméerenialdmlat fiukes ofg gr eat er

t han about 75% npre specifically. 90%or greater.. VWiile the invention
has been de§l=,"i"_?5b% /PHTL@GMPF%MWWW%?PEGS%‘FQE’ lly considered to be
the nost pfaﬂbb%ltial?j‘%i%rﬁfﬁﬂlrzﬁ%mﬁfm% R0% with‘nttthanW Hﬁﬁgﬂgﬁrstood t hat
the invention is not"to be limted to tahe di scl ose 18 enbodi nent, but

on t hes cont rrwajer 10stoi e enode dverly cedisiributad. ous nodi fi cati ons and
equi val ent arrangenents included within the scope of the appended

clainms. 25 August SLAINS 1. A hod fqr providi ng nor.e ‘equal heat
flux distributio Oéglggfhlgkn %%grqrb‘he Tgﬁé%ﬁfrdmﬁgﬁlﬁpﬁh 6"83‘?"?5%@ P egion of a
process t ubejdpbhiichdd bpdn thd deffedreaaling tvaaRekluk dANor 8% Hartivgrsel (10)
havi ng a source of conbustion (16a) and a refractory wall (12), said tube
( 1(4) bei ng Material forming the coating. Thus, coating thicknesses of from about 1 to
" about 60 mits may be appropriate for a given tube appiication, with
10 coating densities typically being greater than about 75%, more specifically

90% or greater.

While the invention has been described in connection with what is
presently considered to be the most practical and preferred embodiment,
it is fo be understood that the invention is not to be limited to the disclosed

15 embodiment, but on the contrary, is intended to cover various
modifications and equivalent arrangements included within the scope of

» the appended claims.



| ocat ed between said source of conbustion (1 6a) and refractory wall
(12), which conprises providing, on at |east one circunferential segnent
of the exterior circunferential surface region of the process tube (14),
a coating (22) of a material having a selected ther mal2£ﬁl@l5¢| 2(0)6and/ or
t hermal conductivity which is different fromthe thermal em ssivity

and/ or thermal conductivity of another circunferential segnent of the
exterior circunferential surface regir8r of the process tube (14) to
thereby inpart a nore equal heat flux distribution about an entirety of

t he exéﬁ%@g, circunferential surface region of the process tube (14) as
conpar ‘the heat flux distribution thereabout in the absence of the
coating (22), characterized in that the surface region of the process
tube (14) tb whikmethed feoriovidigy (e equnl Applfivedisiribubat] ateehan Bkterifrfefract ory

wal | (&l?aumf@rent-gqgux%eh Qo@&&kt%bé’@s]tubé"ﬂ@f ﬁ/ltmm%al??eoeﬂjoé%s\()egé'elm nce I's

at | east 5% bet ween east one c rcunferenti a sal d
anot hevesser(ddnfarinerat scwrcesté@ﬁ@hustlos (18 @neretreferstary well &13n @ld kmhef&) Reinge

em ssi Wchikd gbt(mfegﬁ @Qlﬁ%obr%e at cérﬁ@t%ttloﬁ‘ @YS ardP¥ractbry r}ay;% Q‘SEQVHBH B pRdRY

pr ecedi ng cl al m wherein said st one circu renti al segrrent has a
coat i ngrovEDyg, ehaldeast ohe @rqtt@ﬁfaremlajﬁe@ﬁe@szf thieteytegipr gircundersntialsoifacegegon 5.
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is coated wt eri al aV|n relative emSSIVItyO about
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about provided that said relatively go | ow em ssivities
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hi gh aﬂlﬂ:uhﬁéveﬁﬁﬂl §§r|féﬂetrb%§n of thé @Focbys tuabm) aaeé%/mpa?redfo Hefeabfuxt diigbUtidd)
for rocess heat er having a generally uniform circunferential

heat f e3P H@cﬁ%?““& qféi%wt'a% diNAtpctedZeth thatdhgsurtacgiregiomoighe g A
plr oces §rob@s%ttaiﬁe (14930 Whitictheicoatrddes) isbppiRass ad}@@npﬂm@qsﬁ@t@rymll (1) of
~claim7

2. The method of claim 1, wherein the emissivity difference is at least 5% between

said at least one circumferential segment and said another circumferential segment.
3. The method of claim 2, wherein the emissivity difference is at least about 10%.

4, The method of any preceding claim, wherein said at least one circumferential

segment has a coating (22) which exhibits a high emissivity of at least about 0.80.

5. The method of ctaim 1, wherein said at least one circumferential segment is
coated with a material having a relatively high emissivity of about 0.80 or greater, and wherein
said another circumferential segment is coated with a material having a relatively low emissivity
of less than about 0.80, provided that said relatively high and low emissivities differ by about
5%.

6. The method of claim 5, wherein said relatively high and low emissivities differ by
about 10%.

7. A process tube (14) for a process heater (10) having a generally uniform
circumferential heat flux provided by a method according to any one of claims 1-6.

8. A process heater (10) which includes at least one process tube (14) of claim 7.



