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', e3eXuUl vOﬂmmﬂwmume“%S 20 25 30 _ 1 _ QUENCHI NG APPARATUS 17 Septenber
,2003 1459 illbn 1S generally diredted t0 an apparatus roe quenching

a hot, gaseous.gh¢eam The invention is more specifically i s§aabRbet 9068
process for quenching the pyrolysis product froma pyrolysi g u‘rmepr.l,,n
T L3 BCn

vaie.recogniMEMMIRHIRIRNS: no° of “The” Guench”tube vl | |5 essenti al in or der

to keep the quepgh, ube fromfogbtﬁﬁﬂgﬁ@atiﬁng&%e deposits. The use of a
spray nozzle to introduce the quench oil fox cooling tile hot pyrolysis gas
exiting the radiant section, was found not to work because of the
difficulties inqpkee inr} L Ils conpletely. wetted, Previous nozzle
configurations THel gde I\'a’rq%er’;I(vt{:aiesrn%l n U%hi?‘n %i’*ﬁ&cé?ﬁ@l rQ idy &peagasmsh tube
for distribfckngugnehdhgoid Heet vieesedhs eerpez#l esrar rapged 4 g

apart .aroupd_the. gtrlqnch.Thi s .design created excessive th‘e%qrraggsﬁé%:es on
the quench TYRgI=t&fery AR e di? i 2PFRAEBSEhEes seearciiengiueneh nozzl es,
al | sharings pAel AyeBCh r8ish: cSURRI o 14 ' required a flow restriction
in each nozzle to ensgre ood di stréi B@U\E%&g%gg? agg'ﬁ@ﬁ'di | . The restriction
ori ffdes and set?ePr8i 2€dARPAZIcenti'rs tdees poibrstukini coezdea qilahpiection

quench tubes Eohheaygnihy -pl ugged by coke particles present in the
quench oi | eso\/%% ?%fg'ggc%rl%égn%hgeche%schr%??ng‘i'GﬁﬁV\EPFitng”’ettﬁeﬂtﬁueﬁéh t ube
wal | was i rithey rgiperech andbehivallled st @ ssweormd Bt en wWetibRg+@f e quench tube

wal | Coke woul d.form and grow on.the dry spot of the quench =ube ,all and
woul d eve: 1\j‘séﬁn‘:tl'lua“l’“F%/e p?ﬁgmt \ﬁ,@ugué’ﬁcll?et‘%/?db?e vilencekesdepegited tHe entire

furnce had use ef shudmiosw nozztkeaw N6 BN W ttlf}@é'tcx[?é‘-?gheg? wigth the

i nj;gction AVENDED SHEET ~__, 17 Septenber 2003 nozzl es, Re “quench tube
was “subj ect® %o ke~ torMat IBR-BhYSEPUGEF g idtinthethmovedgabaundary bet ween
vetted and stroriwal, | svdLafobhe 9bt kBl sk The ArEsent . jovention ainms to

provide a nqQzzle 3 configuration wherein the problens outlined

: . e=ei nbef §re I¢aP e &R ot e Thng tihs wehilevewripl arse hy weguedch nozzle
confi gur at ip@Ry i Ther eidy L1id & & Lptroduc uench oil tangeptially into
the quench tube_ and cools th%pﬁizbésaagsé%ﬁg 55?&%}?& apﬂ O%E?Egégm ng out of
t he hot ra@P&RENLENGbeENGIr Gl pyg otysi gubnchatebee.fax cigteibyteng

mapyf act ur g)en¥WRI 1§ 134, } tine keeping the inner wall of the quench
tube wetted by ihe &u%ﬁéﬂ&oesff@hvm?%hn?ézggéegsaf’?gte&’ Priet R I EDRE

-geposi-t | onaBAItherquedcittaubpieAceor tbagl - Fhikhaeprigserdavent i on rel ates |
to an 15 a ys.for quenching a hot gas streamconprising: (i) first
condui t neginggé?%rjgoﬁ\s}eey?n%rgi A sl‘ﬁ)toﬁagh?rGnﬁaﬁnuﬁ’&t"rgeam%"{ﬁﬁrcelto a
downst r eanvéscmbdoniedi ih toowralesd roetd o0t deansnkacated Wt hify said condui t
means for creating a Igyv—g]r ssur.e zone in said hot gas ... . ...2.0,stream
i medi at el V' Gowast PREMZSF = °Saict o FERRAY | b Frealid i €hi Fpadese & ohtioit
mehs | ocatest dbwnsbheam teem sk id v QbSEHET LR TRANS ¢ 1544 SECORd
conduit nmeans inter. secting said first conduit neans en a fangen tAer eof
arid at ardHHyfRe $hereto, said second conduit means adapted to 25 inject a
quenching fluithd angeptiathyni ptos5ad hots qas. amat .a_pressure,
.sufficient to cause said queﬂchi’ng'"%e%i d Qoggfogviélfrscbﬁ?gr Bﬁt"izalqsv “dt ound

t he insi d&Surf%&e@r ofubal dnperde oddduit) e andetoh f tibe§save re

| ow- pressuyr dggg%{ﬁ) P¢9 Qgt. ag_stream.and to contact the downstream 30
face of ami?TIOM/ §$rﬁtgzono 582? BRd “EGHET METTHee #RaRk®on said
d@@nst r eamvfeaed ofiksaikhéhovhis occurred, the guench oil flow

wetting the gquench tube wall was irterrupted and this led

to incomplete wetting of the guench tube wall. Coke would

foxm and grow on the dry spot of the quench zube wall

nd

m

wouald eventually plug the guench tube. Wher this
30 occurrec, the entire Zurnace had to be shutdown Zor

PSS — S

cleaning. EZven without problems with the injecticn
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. Obstruction nmeans for providing a sharp said hot gas stream and said
quenchry fluid prefered enbodi nents of hid apparatus are AMENDED SHEET -
2a 17 Septenber 2003 Preferably, the second conduit ne i sai d
fir5t conugmlﬁéansh@nqazarmigerubetxhaasesﬁb@adtpemp@&gﬁﬁgéﬁgggg%% '
Preferably saig £101' .obstruction means .is an_insertion ring adapted to be
pl aced in Safd®f PrEESEBAdGit 52 iMREr1T orPF PR HdRFEHE S0 WiE TR Aceldmeans
on a di ametegxyheeeos. nPref enablg,) saidfirst conduit is a cylinder and
said insertion ping is located circunfererentially on an inside diameter
thereof, said i nsSeFtPHRSFFRAQLAEENAGOA Bams WK girch@ dencr easeSlen height in
the direction,of.: sajd. flow, .sajd.r shermnationg in.a flat rtion,
sai dq?‘ | at poél?:i?b}lélf'e? Fﬁg%zt\f"ﬁg‘?%Eal‘:gﬁa?ggl‘o%%g‘rsf gé‘éﬂwq}er’i’nt?%%ﬁ% PE&m si de
of said flowabshe uztdDiedealisi £reter abhy evelie byame RS A AUNEY fFz81e
concave i5 curvature Preferably, said flow obstruction neans is formed by
two or nore Cc%h%e%‘ﬂ??‘cl%nd"r? eilp-gher BBRF.et A8 taCS&sEe Pean@enci he

out si de sur fraey i Sal 1ty seeond: konguks cangubhe dawastngamfage,of said ..,
2~0 . , flow .o struct%n nmeans i s between. 205}0 a\r/]vg Ié%’/o@gf' ?ﬁ)e" i nsi de

di anet er of FFIRPECVHP ORI RZoDaetSpeening entiodifnthe dictt hedirasent
invention is. a4y ogess Joapoldng, a SStream oyrol ysis Furnace
whi ch process coner=se >a %ﬁg%c z%%%ggésggl 2t ed~ SEgm&Pﬁe?%e hot gas stream
of the pyromgsiufaaurede, witlilsh afuericd zame toOmprksepifa) thequenady t ube

t hr ough whi t.he haqt I.S..=l.ow n nd i.nto ich the quench oil .is

i nj ect ed fo%c%olol%l‘ng“ht%@%no h g‘al\é%e g?i‘%ﬁt%%eﬂ%hl\é\gﬁbEUEBHﬁr Pé"rlngwg’r?'q}'hsle?ti on
r 30 ring, | ceateed axiyr cunfarenaldykondatos iside dhasBkeruehcpakdgriench
tube, said insert=on ring having a ra whi ch increases in height in the
direction o. ga@cl“ﬁ‘é;ﬁ ¥anpy’ e?ﬁ‘?ﬁgg"r'ng’;f‘i"ﬁné:lfqrhtrep]cﬁ”f?%n?@aﬁa . flat
portbon ter gbpatdangsd o haHriinerd ace: agds AVEPDER SHRET 512l . 17

Sept enber 2003 (b)_.at |east one nozzle located downstream flrom said sharp
interface saftd noZZFéth&CRGusssmassied it @ANeRiyiRg t 925di dogueash e and

tangenti al EHEEP%QrEQh 588 rlcRt Reductdam K- uencde of s I, i nto said quench
tube 5 Preferably, the nozzle is positioned perpendicular and tangential to
sai d quench {idbe. “PPEf EPEBIFRC LIRS @lestrem deo TRt s® et tihen oti §d deosdpfiace of

the nozzle ﬁ@gn5h§o§h?geaEEEErEaQ%JJ§£¥§§%¥a1é%géeyﬁjgégéogoéhgaEHSide

dianeter of Said nozzle.
o0 . L ostream.immediately .downstream of said obstruction -means;

(iii) second conduit means located downstream “rom said
flow obstruction means, said second conduit means inter-
secting said first conduit means on a tangent thereof and
at an angle thereto, said second conduit means zdapted to
25 inject a2 quenching fluid tangentizlly into séid hot gas
stream at a pressure sufficient to cause said guenching
fluid to flow circumferentially around the inside surfazce
of said first conduit means and to Ffill said low-pressure
zone of said hot gas stream and to contact the downstream
30 face of said Zlow obstruction means; and
(iv) interface means on said downstream face of said flow
obstruction means for providing a sharp interface between
said hot gas stream and seid guenching fluid. Preferxed

embodiments of this apparztus are
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)
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+ 10 The second conduit of the apparatus or_nozzle ;gas one quench oil entry,
thus elimnating the need for any restri &3 oh orifice which would be
required to evenly distribute quench oil flows between sevgtabmber 200

nozzl es. al so, tR&edesandaz| era |seddnddustdon: haszasl &ﬁg@&sdb@@e'ﬁs‘éﬁcﬁ‘an 15
that required. it r:;g)[? Jkhan one nozzle were enpl oyed in this service. The
repl acenent ~of ° igl & nbFAes Farfd TEHT et T ot e ot i $PEeRerRECRIgUd BNl €

| arger d-a:thetetonozzle elimnates plugging probl enms caused by coke
par=icles present iin the quench oil. The inner walls of the =first 20
cenduit nmeans- ©F qEEACRYrube 18 &Liee RS et Wedh etedys the &se of i nternal
f1 ows obstructkon: MBaNs, ngui-tably 4 1 4 formof a ring,wth .4

spe\(lz\? al | y-tgpée‘?edn?gaarrig S(ti‘gteg ér?drign%%brpalpct“et%r% n%’;ﬁn]q%n‘tllvﬁgcﬁogg}‘vés to
prevent thenegmeachnokl dgasetprtrerhacedfs.om moving axially back and forth in
25 the quench tlgpe; and. t her ebé gl.im nati ng coke (formation. AlJ~El~DED
SHEET - 3 17 <epfefbey: 26030The fEmvETn G o5 13 (Bt meRr sndi gakds 1 to
10: Fl GURE dnd&r @i 6k 08sngeeti 0B Y f the quench 0 ;9f the
instant inventiOn . FIGURE 2 i s_éltggogs tsdgjgn:on Vi evst%lﬂgﬁe@]gi%n%ﬁ%ﬁ%gl i ne
2-2 5 of FitATRE1eT AIBRESE 8- 38idhdnseations rdmepdianEmes L£Z several ch

perygit at i ons, of i 4 by r0g«, 2 i:hl.e vi_r.onnent af the present
invlémnti on i—igééﬁ o:PrflgliEsfL Etr:n%l%e%ggllg%l%&‘%‘ ioﬁnl—slaﬁlﬁjrqec’af d‘fci‘iﬁf's. Pat ent
10 | oo. 3, GABbhiramplieemisgativeninoa fdaanponpiovgnertid 1fizve wesi Oin of

t he quench .zg .6 . tea tent _Qr_in other sim|ar apparatus,

Ref eri ng n(;vzsa"?@r?al%ﬁfge '11%0 %?}%ﬁ? ns ‘éﬁ?‘QSSI ?”&éfli 5??,6 GRERSHT HEFTe SHSS s
shown in crdssasiattilow artstavenhoa Adafgeench oil inlet tube or nozzle 12
whi ch forns anr?g{ét;ey Nt o qt_r%ench tuba 10 on a t ahgent thereto. Figure _ is
taken on a di afeter” G- mozzt'e® 122 BRd" 0P GuERENSEUBE F0CRBICEVENe two

cordui t s | ntereaaireand t he conbi nati on as descri bed herein conprises an

i nprovenent to the quench ..2.0 zone 1.3. of the a foresaid US Patents No
3, 907, 661. . 6. 6ELF Y Stovs Bl @Y 0’3S5EBEFANOMegnENés fobmetd byaken

al ong the kapgickudiondl cricedhereafoamds £ 9oking back into the nozzle 12.
Wthin quench tube 10 and upstream of nozzle 12 (relative to gas Flow and
correspondi ng £ eflR&sEs M npite tH 1hanericpetiveenet 18 pntFidar eutfetet he " 661
patent) ispanskRgeli-Ynd i 4 N3Vl NG 13 T @R POLLLAN roLpating in a
flat section 14b, thec%gtdg?jdrlévi ﬁe‘é*d; sharp i'ntpg'r %rgef%\né?hgr%ag%l%%. That
i~s20f | at sééProAPIEiHCIAi®T Fsend Dfbdmeeeni 0% réang 10d%i ofetsect at a
right t 30;an¢ : K shar. e 19d. The function of the p;essure
zone 16 etl';E}.Qﬁggd%\%ﬁggrtgﬂora%éﬁfi%%ﬁoé@?ec ,LTh'its sinplest form my be
.a constant dParetseecifiipe adbicdimater sfqueachrieuke <10 nvarefsably at a

AMENDED S -QQ; 56841 - vy 17 Septenber 2003 right _ angle and right
angl e andl—gﬁgﬁeg\r‘%\g‘%ﬁ iclotoé"\ﬁaq Ias_}b%tag?gnﬁéﬁ?afnoo%h@ S $ube 10. An
insertion fingatd wailoheatrec «s shaspgi §68neCuEBShr 93Me0k sRE23I 8 2 and

cr gt es a I_py\%pjéessgrg zone 16 at face 1l4c. The optinmum di stance between
fate lac aft-RorDFe?6 PESt AEXGRE: Ricé e &Y 1ENALS W REe i gilEch 15 stream
for the dugaéhen @&ngh@oﬁégﬁgéss first revolution within quench tube 10
exceeds that acting e.”. the jncom ng streamwhich is. due to the

gravitati ohdl #i@PeRFR EPPECENTAUEH ¥PE6d Gheohdthaampar adtlsing atder

words, this veloehtynipgstrbessuahnt hay 2Q gﬁ@%@%kd>f%fME%3§i4£Jthis
hot gas, said guench tube comprising an insertion

30 ring, located circumfersntially on an inside diameter

o

£ said guench tube, said insertion ring heving a ramp

which increazses in height in the direction of gas

Zlow, said ramp termirating Zn a fla:t portion, said
flat portion terminzting In a sharp interface; and
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U~ is the square of the inlet velocity, P, is the inside radius of quench
tube 1D, and g is the acceleration of graapty, ail expressed . a
consi.stent set of dimensional 25 units. Typical values of; ég

between 3 ang)?Q+ The quench 0il.is t1he. 2. 4spread. aLond. —nner

t he quench tube 1D as a result o Tlu? dr%g o?cesgggtlkggbn ggi b
the gas phase. Thits dfscer,actdioh et nkerbé heg gass antloned Elﬁaaﬂsa@qobesGo

results in some transfer QI mentum 30 in the dommstrean1d|rect|on from
the gas to the GE&fcl 6" ITFI5iT Trarefc ot 1437 aRhe FRE e@ﬁner mall of
the quench cubeinti@sdewisty eamdheraoioar ti Awd né@hE‘GQME cft W%
condi.ti on thereby creatlng a two- phaes annul ar regine in |b|ts the
forndti on of *E€ARE221Phe Wi I BS b3 prehthoredererapst cedmrofamdice l4c,
=ncl udi na Q04568 2003 surfaces 19a and 14b of
i nsertion rfggg%4g ?enﬁéns §§r$ﬂfﬁ e, thereforte not subject to coke
formati on Thesh&rp< edgbllean@fdusﬁaﬁaanbgﬁwqulthé(wwmciae surfzce
abruptinter%gcg betmeeg "d ' Sections. 5Injﬁgt|on rlng 19 has
been descri Bed n&r8PA*aE ﬁ&?lﬁgﬁl RS (B, 2 SLAF Eneen 489 EbakScooul d
al so becons1oUgt ed whehiplrve: diaxieerded Orsshordened sections. The critical
eaﬁ res remired to be nmaintained a=a thesharp interface 14d and tie
gressure zoh%elﬁ°E9FPgGP€§L3tt@FOG@W FPRanaists @i e pole i masobne
otherconbln sops £ ti i SEl gur dd z& azero | engt h
flat sectloﬁﬁl4g %.I éH§§? equsa@?e%ﬁghgﬁgﬁ %géhug é%p‘?hter¥ace 14d with
face 1l4c. F¥©®?élntﬁ@mBIQGM€$abbn@hlWO&ﬂ@ becKE@m1rﬁdtﬂuﬂevsng@neralIy
paral |l el 15 axi h u t Fi.g tilli aconcave
secti on. 13%£$%%£%%TéléL€%%RI§ﬁg ?gégﬁrggigﬁ n %&a@ggq (? e ‘of*Phe
sharp edge, tllﬂdanaﬂrrg@zmél billstrateslualn aht eaedasham@e(lf dihgnatad Peshi on,
Lkaiﬁgure 7. g@o 1;e ghbodi nent ﬁf conbinatLgns of 20nodi.fi cations that
maifitain the nterf3te EAGPhE FoltPBF §sﬂr§ez8mﬁ*qﬁ%ﬁu%98 i's
anot her commrﬁuseruﬁ¢élszg feplhpéhshtedrragpiiengt Roziz1&s (hd
internalinsertion ri .essentially, a denonstration of how two

quench t ubes G- Jo‘itflf@'ge‘?ﬁl%}%%{ eF3Thay PePFLRNDBEABL GhEfiedTomazmR ti on.

ring 14. Figume i souws mm@r;ﬁt@méﬂragcéss@avwgc%@egg%e%cfl%%es 14a and
14c. Thisconfiguratjon causes excessive |eadin i nsertionring)

tur bul ence RIFFFEs iR arit® preder eott opThﬁu%”&@EI Hagéﬁs@é ithes Grwr st
- applo.cat.i.osondd Uit 4.1 Sr ah &R di iEat 5 o 30EL QUL e Egt hat . may 4 S«Ete*aeS' er to
r

fabricate. It is shown wi tha concave face 19c, alt ough convex flat
surfaces mayd $6 BE AT Y ol 9¥ tIRSGHIC HEOMTR2ERS | 25ustdé§grnbedhbere|n in

term ofa tiuhe o conduld ool INALEA £ eORDL. 4t EOULA D8 -0L 330!

shapes in cross section, e., elliptical” square, 4T 6"

Sept enber z@ogbﬂ@@waﬁgumaw= Iﬁndxwm1©mlseiE@$ut@sonévdBS|gheaceeﬁch/ u.
et . 1al : e yilization of a fangentjal qr_a oxlnately

tangenti al ° %%ﬁgf r&%&rtoz At a1 }ﬁcﬁ§T%FT% Hek orpdsf ngéuFP|C|ent

mo@Bnt um t aheagsenthe talbe t@ﬁH(mm&Hﬁhyublimtiéﬁdﬁ§uﬂéﬁéeﬂ@?m@flbﬁe quench
tube 10 while ccnpleteiy wetting the |ace 14c. Likew se, although only one
nozzl e is descrijbed, plural nozzles could be used, e.g., two nozzles
dianetrically opposed on quench tube 10 so as to aid each other in

circunferentially flow ng the quench 10 oil. Also, the tangential entry is
preferably at a right angle to the quench tube i 0 whereas any angle may be
enpl oyed as long as the oil will fill the | ow pressure zone 16 around the~

circunference of the quench tube 10 next to the face 19c. Simlarly, the

di stance of the 15 outside surface of nozzle ?2 fromface 19c is determ ned
by the need to have the oil pulled and spread into the | ow pressure zone 16
wi t hout -overflowi ng the sharp edge 19d. In the preferred enbodi ment of the
invention, this distance should |ie between about 20~ and 1000 of the 20

i nsi de dianeter of nozzle 12. Insertion ring 14 may be fabricated as a ring
ghat is welded inside quench tube 10, or it may be fabricated as an
integral portion of the quench tube. Insertion ring 14, as illustrated in
Figure 1, includes a ranp portion 14a 25 that. is preferably about 7~
degrees but may be inclined to 90 degrees, o0; nore, naximum grade. The
ranp, l1l4a, nay be as little as zero degrees in the case of two separate
guench tube dianeters (Figure B?. The ranp portion '"9a termnates in a flat
or curved portion 19b which, in turn, 30 termnates in a sharp edge, or
interface 14d, wth face 19c. Under gas flow conditions, the insert=on =in
g 19 restricts the flow area é@dEﬁHE%DHE4@E§ vel oocity to increase as it
flows through the insertion ring. A lowressure zone ? nis created by this
i ncreased velocity 35 which tends to pull the tangentially injected quench



o e o ——

w0: 00/ 568a 1 17 Septenber 2003 from nozzle 12 into the | ow pressure' zone
16 thereby wetting the quench tube inner3wall and r. insertion surface
14c in this area. The quench oil fromnozzle 12 is then ?ngﬁﬁﬁﬁm?ﬁ tream
by the furnace gas filrowranicdbri si$ Bl péatoeddagai pshuttheseby weitlng) the
guench tube_ﬁawmgih.;Thq_lquth of the ranmp 19a is preferably as long as
possi bl e so‘asto cause & He* PeisEEFUrBl &réEd Hovevercuemalf dober izmgl
(machi ni nQ) rloiz@1leald R LONM £ 04 L hephYSL ¢l di mensi ons which are possible.
10 Al though the orientation of the quench fibe 10 is shown as being
hori zont al , Fa§URdng as tthesnondi sedtionent.em afz Mdre duengh- 0l 1apd gas f | ow
can gamintain.the quench wall wetted, the orientation of :.he quench tube 10
car. be verfical”or "at ‘an angle to the horizontal position, 15 upflow or
downfl ow. TheGULREES 35houlsth &€ wd zegu angmakbkented s and dhe gas and |iquid
flow rates shoul d be such as to produce and maintain two-phase annular flow
within the gEeRERetapes1@iddlmt¥esmrbionaténg9c in order to acconplish the
wal | wetting fuggti I ug A nt i O s been_described herein
with reference ?ﬁgaggszgg%ébgggﬁrggggﬁﬁhﬁé?%%ﬁEﬁ{gﬁﬁﬁﬁLﬁTﬁﬁ%&?OF othér
appl i cat i'cnBYapLYpbSsibreascachsadistlobee iim etigure df &f "veSh- atent
stream i nt o, t pen€a in gous stream.in arder to wet the downstream
25 %?p:ng &g?lEBFBOE?%é%htggglggﬁﬁgg saft S4epddl £ (5T pruteReEN@Per Rash
operations fke desifrydoHcrhekenenahetonash 30ReT atizanPateht e iRj ection of
a water or @ydrgcarbgn-ba§ed cogrosion inhibitor into a pipe bearing a
gaseous st ream 30 Tt 0efPPBEGhrFormy wet the downstream piping walls for
F corrosion coRegfdrrin®. gow, cbheigaecti g ehea jhig-m I j t he
overhead |line of an ab;%rption or glstillation céﬁjnﬁ?&gfﬁﬂﬁxiééﬁé%iion of
a hydr ocar BT VitRF -Idhsed $hQERdinsCrAEs aepipenbead mgvdrgaseous stream
inigyder touaRveHil ; 0/ 1s7 700 17-Sept r 03 _t he . downst ream
pi pe wal | SQ} roﬁkgg:olml\r?g%gcggélév%fyn o%l?e-zé. gﬂﬁﬁﬁggﬁ%% of* e@ﬁr%ﬁl or
quench wat éRinhtH:eswhalgatie k@ aoki agtangéhti theoking Sienhead liishes _n
order to k ' tenp : I ifonetallurgical ,1_ 5 operating
limits) . 3$ﬂ¥ﬁ%Q§k€%g§$ﬂa'#gﬁéﬁgéﬁ |%?gq%%n%%“tﬁﬁegESHFPgdPEFi , can be
appl i ed toviieEe idievithgalcane i ideeAsansfandltne Exebanger opTldE) at the
out | et of r.al.ysi.s fur es, JTLE s are shell-and-tubs heat exchangers
where the %%fgﬁy?gﬁygig%% JasEsUs BT ST eXT T Rg T t he FEEiQHFnFﬁbe are
i ndiPr ect |.y-zooel 83. o - ghenclied ewaid he S.ubBaséde Wbi | 6, @@mereatli ng o
hi ghpressuce steamqn the shell side OCoke will deposit o.7. the tube side,
t hereby reducing hedt ' rafsferr>S mGEai hPpressire ti'sp 4erbskepne TLE and
requiring pephgdiaelbodgekidigaand fiy Racs: oMt dares o By: ApPLysRI;Lhe vetted
wal | quenc? tecthLogﬁ (neghgd) di scl gsed herein to conplétely wet the
i nsi de of FREsBOFEESt tBes VISR GYCAT bE Y idhtats 4aricreamuef ng t he
attendant downléng2andepkeedyet ikeh da@ss: R0 He ddwmantign s, furt
i I%gst rated by the L?' | owi ng exarrpg: e mt%oq??idﬂﬁggd%ii%oyp% gsét he
i n¥enti on tOPERi §°parti EURAFheABHG ABntin EXAVRIEE Furhades té6Dne of
Applicant'szpbapts: utihi zj he-23;al.d-quench l.e _design typically have
to be shutﬁdotmﬂévegyé%i%?ggﬁEa§§s§éug fg g%%ﬁgﬁpééf%ﬂ§[ﬁékﬂﬂ%£ f%aone or
nmere of theeiBhguenghlipasdsésaknseathohuirace. thien lAappld canving est
installatig LOVE: L opcept _of .t,he Lnvention d=scl osed herein, the
quench pas%y?%ftﬁgf%gf%$% GPDRERL l%c. iYE is, 31at section 14b

and face 1l4c of insertion ring 14 intersect =zt a right

30 angle to Zorm a sherp edge 14d. The Ffunction of the
insertion ring 14 and variztions therec? is to form a low-

pressure zone 1€ a2t the downstream face l4c.

diemeter pipe which exters guench tube 1, preferakly zt 2

AMENDED SHEET



30 nozzle design) that was nost prone to a plugging problemin the :nost
frequent| ywobsegasd furnace was selected for replacement. That nozzle was
repl aced by a quench tube .0 which utilized a Schedule 9 i } a

nonmi nal E-inch (20.3 cn) diameter and was T nfefsected by%aggég?:ggyg%S
having an internal diameter bore of 4. 3 cmi 1 ~inch) . The ' WO
00156841 _ 9 17 Sgptedber=2603 gquéenchkrisi gui d \wasaidjectretk atzagétow ¢ at 8= of
about 9.0 misec.(i3-ftlisec or, 79 _gal/nin). into the hat gas streamf|ow ng
at about 51-7e hiséc (200-250 ft/'sec)y.""The t €St Zquénciy pass nozzf e* & syst em
was operated farisbout:ones5ryear b hhzn02dQWNkREe cOfe LYW NG LMER: $ hough
other nozzles (with the_old_design), _including those adjacent to the test
nozzl e in the sarE test*furfate; *di d:pFugPdad o dskiend,s v §Equiadngl<c
shut dows of the-whole-testifurpacg. Ihis-desvnstrated tihe resistance of the
new nozzl e design 10 to plugging in a plugging-prone environnent as’ shown
by the contimﬁi&fkﬂ%gﬁ?%ﬁ b?%bﬁéﬁﬁ?eﬁﬁé?iéﬁgeéuEywthého$Mm?lHﬂaikaﬂ1ﬁf
nozzles in the ssane furnaee. . W0-00£56841,-.10 ,LﬁA,L7M S, 17 Septenber
2003 1. Appar atf%s folr guenchi ng a ﬁoé'@aé“%ﬁéé?n %?)rrb'ral"s“rng:*“(i‘)lof“isr st
condui t neans férauriesdmy salyd dotugastiie ohnaar upstfeam sdulceenicd a
downstream | ocat.ian;, {ij). f1.ow obstructjion means,|ocated within sai.d .
conduit 5 nean§afor%éeﬁgﬁiﬁf%flékinésE%?%FQDh%lihn%aFg‘HBtaga§¢stﬁ€aﬁn-
i medi afel y dowmrstsiseam off Sl ith @bsite uchi-opfr deanse {ohé) 15egendreondui t
means | ocated downstreamfromsaid ' flow obstruction neans, said second
condui t neans fAE&r é&rh#&zﬁﬁé%?i@%ﬁ Tohdth feWes bh BUPER§ERt PERBRESY
and 10 at an angl est herelska Saichsecond condi todmans; adapted to inject a
quenching fluid_tangenti ql I y_Hi nto said hot gas streamat a pressure
sufficient to tal§87Safd Lquenchivyf) MRS ot § ITeV i Tetid ek ent | upl gcatvund
the inside surtpge Qﬁes%b%ﬂyéaﬂcéﬁﬂykﬁﬁg£@@ﬂ§éﬂ“&55&Eélénsﬁﬁgs inceming
| ow- pressure 15 zone of said hot gas streamand to contact the downstream
face of°said ffehesBsteuctien dvgatsonand (Hhe Iivtislfsack meanse onlsaion
downst ream f acg; of ; sabd-flLew.QRSt 1t i ns, Jf.or .qvj di_hg_.a sharp .
interface betagéﬁﬁégigqﬁgkggggygtrgg%ﬁéhgﬁggiéadugﬁgﬁﬁﬁbq¥[8?%F bf;éﬁ+ng
Appar at us as c¥araed Whichaim Loawter g tdhve vigeancdreonduidl dremnseffect
intersects said fj dui.t S ~a. tangent thereof and perpendicul ar
thereto. 3. Ap%%tr%%%% ggaéfggi r?elfg%?lﬁ %%éﬁar%% %’r’ v \ﬂ%é]reéi r‘l"osrac?% f‘ﬁ”o’vﬁ
obstructi on neansc¢stagnmiasebti snchi ngaadapted to be 25 placed in said
first conduit nmeans,on a dianmeter thereof. Apparatus as clainmed in any one
of cl&%s 1-3, wheYef hR8Ai d fi FSEX&6nduit is a cylinder and said irdertion
ring is located citgunferentially on_an inside _dianeter thereof, said
insertion ring having 2 Fgﬁpsﬂﬂf%ﬁ Pﬁcfgasé§936 Wﬁqﬁéﬂgﬁw in the direction
of said gas flow, Bals taepitetdenatiingsi bfaghkathpenticon osaizgd | at portion
cr uuuuu~dt - 11 17 Septenber gOQB term ?ati ng.in a sahrp interface with
the. downstream si¥e" df ~3%i A°FFORF BbstTuBti BReFrehMs .

all expressed In a consistent set of dimensional
25 vunits. Typical values of UQ/(Rg) range between 3 and 20.
The cuench oil is then sgread along the inner wall cf the
quench tube 10 as a result of fluid drag forces acting cn
the oil by the gas phase. This interaction between the gas
and ©oil phases also results in soms transfer of momentum
30 in the downstream cdirection from the gas to the gquench
cil. In this manner, facs l4c and the inner wall of tre

guench tube 10 downstream therecf, are maintained in a
o

w 24

wet” conditio:

regime which inhikits the formation cf coks. The portion

35 of quench tube 10 u
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5. Apparatus as clainmed in claim4, wherein the ranp has a convex or a
.concave curvature 5 6. Apparatus as clainmed in arny one of clains 1-5,
wherein. s¥QA%8%4bbstruction means is fornmed by two or ppégm%gmgﬁgééic
conduits. 7. Apparatus as clainmed in any one gf _clains 1-6, erein the

di stance between the outside surface of said second 10 conduit and the
downstreamrace of said flow obstructian nmeans .is between, 20~ and 100 of
the inside di amet&F-3f°8ard®s8Eond “Coriduit:s B Prbdess? ot codlFng a*hdt
gas stream of a gyyd ohysi sthuradees, Whickh spIOGRSS ROMY it Sescanfuensh zone
associated 15 with the hot gas stream of the pyrolysis furnace, which
quench zone conpti&®’ a¥Ca HHEnER ELHSE AHOSugh Nahildch tHRI ot tigasepEupt
flowng and intqwWichaLtbe,gugaeh oll.hs iy ected farocoafd ng this hot gas,
sai d quench tube conprising an insertion 20 ring, located circunferentially
on .an ifside dianeterseftsahdrgognéld thalbse pesai deisrserdddraxiaign hayihegring
ranp whi ch increas L0 height in_the directign.of gas fl.ow_.said ranp
termnating in a a\et:lté%%ﬁ“{”g%, ($4fd ffqgt ap'gr tliqf):r‘l é‘%m”ﬁa“t‘i:}rllvga‘i%o g‘)esharp
interface; and 2Zmr(d)rattéeastitbneunozzl ecvaeated dawsstareamdd aasaiahs.
sharp interface,,said nozzle bei Dﬁ,QOSLLi oned at ag angle to sajd quench
tube and tangentidl THeretd fore tReSFnfFHA&EFof Pof SqiEnch 30ied f 1% < d
quench tube . 9sHAqcesscasis£dal Med bAdctakN éw-wheseitet herozzd e is 30
posi ton1e8 per pendi cul ar and tangenti a,HJbe to sald quench 10. process as
clai med*Pn n cl &HAF Ot D Wbt tReldi SEAREESDRL REER 1ORe “OULSEE sur face
of ‘the nozzle apdniditrSadms imﬁriﬁgsrﬁoﬁekmhgnﬁ@ Fi@id18013 jhheisngl de
35 diameter of said nozzle MCS32/ TH14559PCT .AMENDED SHEET _ '
A Y. A Ah. AY@ ARERN Jenonh K lvaos@ytion 14b, i.e., a ramp l4a terminating
& . A A3R @O0Qox}=~yt Qjre [ V] calgal cal cal cal caV]lcay] gal¢al cal.cal
ca]ca]ca]ca]ca]%g]%%g¥§§%zé?§%]b ﬁf%a]ig?%é %af%é]pg?gka?¥é§SDF%b%DEkge%ns}
xsni d_Z] ca] ca] capealdajralica]tded cad cal cr] tabchhen] ta] gaheaktalcapcaltalca] c

aJ ca] caj ga] cal cgl ¢al 63lcal,fa ¢ cale - QWA M8 el ghre 5 uritizes a

concave section l4c to contain the low-pressure zone and

alter the angle of the sharp edge, 14d. Figure 6
illustrates an altered shape of the ramp portion, l4a.
Figure 7 shows one embodiment ¢f combinations of

20 modifications that maintain the “wet/dry” interface and
the low-pressure =zone. Figure 8 is another combination

') utilizing an “infinite” ramp length, i.e., no internal

insertion ring 1l4a. It is, essentially, a demonstration of
how two gquench tubes of different diameters may perform

25 the function of insertion ring 14. Figure 9 shows an
insertion ring 14 having 90-degree faces l4a and l4c. This
configuration causes excessive leading edge (of insertion
ring) turbulence and resultant pressure drop, but cculd be
used in some applications. Figure 13 is an embodiment of

30 Figure 8 that may be easier to fabricate. It is shown with

[t}

a concave face 14c, although convex cr flat surfaces may
also be utilized.

Althoucgh the nozzle 12 is described herein in terms ci
a tube or conduit (cylindricel) element, it could be of

35 other shapes in cross section, i.e., elliptical, sguare,
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25 that is preferably about 7% degrees but may be inclined to

90 degrees, or more, maximum grade. The ramp, l4a, may be
as little as zero degrees in the case of two separates
quench tube diameters (Figure 8). The ramp portion 14a
terminates in a flat or curved portion 14b which, in turn,

30 terminates in a sharp edge, or interface 144, with

(S

face 14c. Under gas Zlow conditions, the insertion ring 14
t

restricts the flow area causing the gas velocity to
e

increase as it flows through the insertion ring. 2 low-

T

pressure zone 16 s created by this increased velocity

35 which tends to pull the tangentially injected quench oil
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'() - @8I0\ $NREZXUVER M s which are possible.

| 10 Al-hough the orientation of the guench tube 10 is

o shown as being horizontal, as long as the combined
momentum of the guench oil and gas flow can maintain the
quench wall wetted, the crientation of the quench tube 10
car. be vertical or at an angle to the horizcntal position,

15 upflow cr downflow. The lines should be sized and
oriented, and the gas and liquid flow rates should be such
as to produce and maintain two-phase anrular flow within
the guench tube 10 downstream of face l4c in order to
accomplish the wall wetting function.

20 Although the invention has been described herein with
reference to a specific application in pyrolysis furnaces,
other applications are possible such as:

1. The injection of & “wash-water” stream iIntc a pipe
carrying a gaseous stream in order to wet the downstream

25 piping walls to prevent or remove salt deposits in process
water-wash operations (e.g., hydrocracker water-wash
operations).

2 The injection of . a water cor hydrocarbon-based

“ .

corrosion inhibitor into a pips bearing a gaseous stream
30 in order to uniformly wet the downstream piping walls Zor
corrosion control. (e.g., the injection cf a filming

amine into the cverhead line of an absorption cor

distillation cclumn).
=id

-

d 1z

(
2

3. The iniection of a hydrocarbon or water-bas

35 into a pipe bearing a gaseous stream in order to prevent
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4. The wetted-wall tangential guench tube configuration

can be applied tc the individual tube in the Transfer Line
Exchanger (TLE) at the ocutlet of pyrolysis furnaces. TLE's
are shell-and-tube heat exchangers where the hot pyrolysis

10 gaseous products exiting the radiant tube are indirectly
cooled or quenched or the tube side while generating high-
pressure steam on the shell side. Coke will deposit on the
tube side, thereby reducing heat transfer, increasing
pressure drop across the TLE and requiring periodic

15 decoking and furnace downtime. By applying the wetted wall
quench technology (method) disclosed herein to completely
wet the inside of these TLE tubes, coking can be
prevented, thus reducing the attendant downtime and
production loss.

20 The invention is further illustrated by the following
example without limiting the scope c¢f the inventiorn to
this particular embodiment.

E¥XAMPLE
Furnaces in one of Applicant’s plants utilizing the

25 old gquench nozzle design typically have to be shut down
every fifteen days due to guench nozzle plugging in one or
more of the ten guench passes in each furnace. In
Applicant’s test Installation to prove the concept of the
invention disclosed herein, the quench pass (with the old

30 nozzle design) that was mest prone to a plugging problem

in the most freguently plugged furnace was selec:ted fcr

)3
(@]

T o Ll —_ . ] -~ vy o= - -~ +
replacement. That nozzle was replaced by a guench tube
P

ﬂ

s
which utilized a Schedule 40 pipe having a nominal €-

£

(20.3 cm) diameter and was intersected by a nozzle 1

35 having an interral diametery bore of 4.3 cm (1% inch). The
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5Nl (&1(109%6& () Stream flowing at about %1-76 m/sec (200-250 ft/sec). The
test guench pass nozzle system was operated for about one
5 year with no downtime or plugging even though other
nozzles (with the old design), including those adjacent to
the test nozzle in the same test furnace, did plug due to
coking, thus requiring shutdown of the whole test furnace.
This demonstrated the resistance of the new nozzle design
10 to plugging in a plugging-prone environment as shown by
the continuing plugging problems experienced by the other

“old design” nozzles in the same furnace.
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(i) first’conduit means for conveylng said hot gas from

& () -

an upstream source to a downstream location:

(ii) flow obstruction means located within said conduit
5 means for creating a low-pressure zone in said hot gas

stream immediately dcwnstream of said obstruction means;

(iii) second conduit means located downstream from said

flow obstruction means, said second conduit means inter-

secting said first conduit means on a tangent therecf and

10 at an angle thereto, said second conduit means adapted to
inject a gquenching fluid tangentially into said hot gas
Stream at a pressure sufficient to cause said guenching
flvid to flow circumferentially around the inside surface
of said first conduit means and to fill said low-pressure

15 zone of said hot gas stream and to contact the downstream
face of said flow obstruction means; and
(iv) interface means on said downstream face of said flow
obstruction means for providing a sharp interface between
said hot gas stream and said quenching fluid.

20 2. Apparatus as claimed in claim 1, wherein the second
conduit means intersects said first conduit means on a
tangent thereof and perpendicular thereto.

3. Apparatus as claimed in claim 1 or 2, wherein said
flow obstruction means is an insertion ring adapted to be

25 placed in said first conduit means on a diameter thereof.
4. Apparatus as claimed in any one of claims 1-3, wherein
said first conduit is a cylinder and said insertion ring
is located circumferentially on an inside diameter
thereof, said insertion ring having a ramp which increases

30 in height in the direction of said gas flow, said ramp

terminating in a flat portion, said flat portion
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with the hot gas stream of the DyIOWys’s IL*n=ce, which

guench zone comprises .

(a) a quench tube through which the hot gas is flowing and
into which the guench oil is injected for cooling this
hot gas, said quench tube comprising an insertion

.20 ‘ . ring, located.circumferentially..on an inside diameter
©f said guench tube, said inserticn ring having a ramp
which increases in height in the direction of gas
flow, said ramp terminating in a flat portion, said
flat portion terminating in a sharp interfazce; and

25 (b) at least one nozzle located downstream from said sharp
interface, said nozzle being positioned at an angle to
said gquench tube and tangential thereto for the

introduction of cuench oil into said guench tube.

9. Process as cleimed in claim 7, wherein the nozzle is
30 positioned perpendicular and tangential to said guench
tube.

wherein the

’
outside surface ¢f the nozzle a2nd the

distance between the
sharp interfzce is between 20% znd 100% of the inside
35 diameter of szid nczzle.
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