1 5 DEC 2006 -1 MULTI PHASE M XI NG DEVI CE W TH | MPROVED QUENCH | l\%lﬁﬂlm
FI ELD OF THE | NVENTI ON [ 0001] The present invention rel ates geneﬂl

systens for m xing process gases and liquids and nore specifically to

i nterbed quench and m xing systens involving cocurrent downfl ow reactors
using fixed hardware. BACKGROUND OF TH%_INVENTICN [ 0002] Downward fl ow
reactors are used by the chemcal and refining industries in a variety of
processes, such as hydrotreating, hydrofinishing and hydrocracking. A

typi cal downward flow reactor has a cylindrical outer wall wth a catalyst
bed posi t MEAJdIRHASE MESINGIRENICETWATERIMPROVEBHOVHNEH INJECEKIN on a
catal yst support grid positioned horizontally within the reactor and
spanni ng the conpl ete dianeter of the reactor. The catal yst support grid,

t oget her ‘gIEﬁDtQF”PH‘EeIN\V*E TicRpoperate to ret ain the catal yst or other
particul a —Trr—pﬁice* A distribution tray is positioned
hori zontally within the reactor at a | ocation above the catal yst bed for
evenly di i{but i j t . support
ar i d, ”out B9OUIELCy The BERPAE M hibA Sria@RieBntiafiy 8 Fhikahe fobtRuhfth BotBle TUPES
the cat al pateshem 14089 3hd Mibreispkeiflegly i€ anbfied qieBch ANHT Mg SRlemd hey are
formed by  providing two or nore such’ catal yst beds spaced along the
| ongi t udi mavolamigscasiirenhdowadlovoreacibe usingiforeddetrdeare.successi ve cat al yst
beds defines an interbed m xing zone. Wen a reactor having nore than one
catal yst bed is used, reactant fluids are introduced into the reactor above
t he upper BSECKGRAUND QETHREANVENZIEOMNt fl ui ds, which typically consist of
both |iquid and vapor phases, flow through the uppernost catalyst bed. 1 5
DEC 2006

{0002} Downward flow reactors are used by the chemical and refining

industries in a variety of processes, such as hydrotreating, hydrofinishing and
hydrocracking. A typical downward flow reactor has a cylindrical outer wall
with a catalyst bed positioned within the reactor. The catalyst bed generally
rests on a catalyst support grid positioned horizontally within the reactor and
spanning the complete diameter of the reactor. The catalyst support grid,
together with the outer wall, cooperate to retain the catalyst or other particulate
material in place. A distribution tray is positioned horizontally within the
reactor at a location above the catalyst bed for evenly distributing process fluids
onto the catalyst. The catalyst support grid, outer reactor wall and the distribu-

tion tray define the volume of the catalyst bed.

[0003]  Multiple bed reactors are commonly used. They are formed by
providing two or more such catalyst beds spaced along the longitudinal axis of
the reactor. The region between successive catalyst beds defines an interbed
mixing zone. When a reactor having more than one catalyst bed is used, reactant
fluids are introduced into the reactor above the uppermost catalyst bed. The
reactant fluids, which typically consist of both liquid and vapor phases, flow

through the uppermost catalyst bed.



-2 [00041 From the uppernost catal yst bed, unreacted reactant fluids and the
rellated fluid products derived frominteraction with the catalyst enter the
i nterbed mixing zone. The interbed mxing zone typically includésitd Wi ng
chanber. This interbed m xing zone including a m xing chanber serves several
“ purposes. First, the interbed m xi ng zone serves as a conveni ent pl ace
through which additional reactants and?or tenperature quenching materials
can be introduced into the fluid products. In the reactor units descri bed
above, heat is released as a result of the reactions between gas and liquid
conponent s[0004kc ur rHrom the uppermatiadaysyihed, oateicrd rteaomar Atidsardahe ncr ease

w th di stance down the bed. In many cases, cool hydrogen-rich gas is

i nt r oducedrebaicdélnd prasiuseideriveasl fjomniakeragizon enibahatcatadystienterahd repl eni sh

t he hydrogen consuned by t reactions, Secondly, .the jnterbed. m xing zone
provi des almgéF‘éﬁuf‘H}g ng %Qlﬂéﬂ f I I0g BRfbPICAlINAYIdeR S TINRE product s

2L L0, B s | a5y ShoP Fltog A BRoRhEn b LS A

reacti ons. I on, ere " ca reactions X0 d

tenper at ur guipesdy. FrirdtSthe ifiterbéd AHix PRt SeR&saRt caipbaiont plR%RAfougk Xi Ng of
the fluid products within the m xing chanber can be wused to elimnate

r egi ons of wharhadddytitnia hedcame natiloreemiptiutiret quenthinigdmpteociictan be [ 0005] The

i ntroduction and m xi ng of quench into the process gas and |liquid nust be
carri ed outttiodueedinta ks Buid BisgluetsaHndhe sercter uhts describedgbeve.dieanist er,  but
is often shorter than qne.yessel .radi us. Support ..bea i pi d oth
obstr uct | HLAa 8 Baraiil oF e RRrid B Ragr SR 86t 1AGR shmBogea: dwar o 15
required A - ] XA i . imted
vorune. - [ SGoRThRIaThE LSt USRI RIS thErelbe b EMAR S bBuy' T\ o

First, thehe®eanah manecdses] ool dyafaen-tich 8adls ihaonatat bitdedhithepedces at
the outlet of the preceding bed or, in the worst cases, anplifies them An

ef f ecti ve wugresichibsempdretire rise aatlIreplenishabe ptydpmrgeaesssiineddy thet h 50 to
75F | ateral tenperature X .. , ) . .
reactions. Secondly, the interbed mixing zone provides a region for mixing the
fluid products. Mixing the fluid products prior to reaction in lower catalyst beds
ensures more uniform and efficient reactions. In addition, where catalytic
reactions are exothermic and temperature control is a critical processing and
safety element, mixing of the fluid products within the mixing chamber can be

used to eliminate regions of locally high temperature within the fluid products.

[0005]  The introduction and mixing of quench into the process gas and liquid
must be carried out in the interbed space which spans the full vessel diameter,
but is often shorter than one vessel radius. Support beams, piping and other
obstructions also occupy the interbed region so that unique hardware is required

to perform efficient two-phase mixing in what amounts to limited volume.

{0006]  Poor quench zone performance manifests itself in two ways. First, the
quench zone fails to erase lateral temperature differences at the outlet of the
preceding bed or, in the worst cases, amplifies them. An effective quench zone
should be able to accept process fluids with 50 to 75°F lateral temperature

differences or higher and homogenize them sufficiently that differences do not



di fferences or higher and honpbgeni ze them sufficiently that differences do
not 15 DEC 2006 -3 exceed 5F at the following bed inlet. The second sign of
poor performance is that inlet tenperature differences foll opgng(tfé quench
zone increase as the rate of quench gas is raised. This indicates

i nadequate m xing of cooler gas with the hot process fluids. [0007] Poor
quench zone performance limts reactor” ?b'perati on in various ways. \Wen
interbed mxing is unable to erase tenperature differences, these persist
or grow as the process fluids nove down the reactor. Hot spots in any bed

| ead to rapceed®dcai hatfobowddg bédirdat ellystedondtshat of pgoroperfdriedncshhort ens t he
total reactor cycle length. Product selectivities are typically poorer at

hi gher t dhdnkit tgraperahge diferenses kallpwingdbe gueash zonesiagEdasy aa it Blher

liti be . of f- i.fication, Also. if the t t . i nt
xceeds. a L apERh s isTBRey Vit iitioace Baeatme Aot diPhGi R lacti ons

may becontfm%g}gdeggggi(fsr ating leading to a runaway whi ch can danage the
catal yst, the vessel, or downstream equipnent. Cogni zant of these hazards,
refiners operating with poor internal hardware nust sacrifice yield or

th h ; t i FiLt-a-_ ti ith - . d
roug pUt[OGOWAaVOPQ%L: «té\t?%‘{?:lhnzgﬁ?ﬁfe nké Fhiid retabt%?%ﬁfzr%ﬁilbﬁ olg ariplls day

refinery econom cs at hydroprocessing u erate at feed

rates far vexgeewhag isiesbe@midnk hsTunABlYed efhsé eaR peRsirglifferehcey,ahewbl e
| ow- cost debottl| eneck. &0008] e inportant aspect of the overall m xing
ef fi ci encypevfisteorqgrencis the gmecdss fivhds aiviveidoymthetrigectoy.s Homspats i anguench

fluids wth process flyids. The st critical conponent of quench m xi ng
ef fici enc@eﬂﬁea @m&ﬁa%ﬂtwayow&?gﬁcamsw AL OB Mineh pROTISASBBuUCed i nto
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the systefemperatures; hot regions can cause color, viscosity and other qualities to be
off-specification. Also, if the temperature at any point exceeds a certain value
(typically 800 to 850°F), the exothermic reactions may become self-accelerating
leading to a runaway which can damage the catalyst, the vessel, or downstream
equipment. Cognizant of these hazards, refiners operating with poor internal
hardware must sacrifice yield or throughput to avoid these temperature limita-
tions. With present day refinery economics dictating that hydroprocessing units
operate at feed rates far exceeding design, optimum quench zone design 1s a

valuable low-cost debottleneck.

[0008]  One important aspect of the overall mixing efficiency of a quench
zone is the ability of the system to mix quench fluids with process fluids. The
most critical component of quench mixing efficiency is the methodology though
which quench fluid is introduced into the system. There have been various
improvements in connection with both physical means and operational

considerations for introducing quench into the system.

[0009] For example, U.S. Patent No. 5,152,967 discloses a system
incorporating an annular mixing box in which rotational flow of the process

fluids is created by slotted entrances. Quench fluid is introduced through an



[ 0009] For exanple, U S. Patent No. 5,152,967 discloses a system

i ncorporating an annular m xi ng box in which rotational flow of hgf @ ocess
fluids is created by slotted entrances. Quench fluid is i nt r ody % 12 ough

an 1 5 DEC 2006 -4 annular ring |ocated substantially in the center of the
vessel. The ring is fitted wth nozzleg-to direct quench fluid outward

al ong radi al paths. Another device, disclosed in U S Patent No. 5,462,719,
creates a rotati onal floww thin a mxing box but wthout significant

liquid hol fodkied sYemtt:m? alPTF%F&#EP{}P% védkd | etx%g i6RLPN | S

i ntroduced roug a single ver e vesse fer posi ti oned

such that (e wREREItYdIRLEEGEJDNIPEESutFaRPaloRg Thdial 9§Mseqirﬁfthe1fdwiwg t he
guench fluid radially outward. [0010] Oher patents which include

descri pti odisclosedjirebic. PatemtdNach,468,7 10¢cieateyreotativaial dipwwithifPa toeixingNo.
5,635,145, In this patent, a swir] device is wused to m x _gas and several
gui de chanb@x EU‘aWBhﬁgbﬂgmflCr@ﬁkllﬂ\ﬂcﬁUFQidléEﬂth? m@@pséﬁomrng fusAch
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radially i R ERRRhathk nbtig BhARIRFLER SROREMARIIE T ng

system i s figswgithedquencimlukhradinlBnoutvasrdm xi ng trough is used to collect and

mx liquid onthe collection tray. Gas mxing and further liquid m xing are
acconplished in a centrally located m xing box in which the fluids flowin a

spiral pat [potopar d3ther mhrsakzhmhanclm@eldlesdrﬁ;mmldfe;pjeinen ihtréductignench is
i ntroduced within the g}w d phase through two radially outward oriented
nozzl es | schnigues malde rﬁxd?z’aentrfﬂm hg3bsé0ghn thiseaigntviswel daeicabove

mentioned s stems rovi de si |f| can nproye- nments rocess fluid
i o of f MECHRAPIX A AR VETH Rt ChADP s priag o g ficid Pefors

depositing them on a pre-distribution tray located between the collection tray
and the final distributor tray. Quench is introduced through an annular ring
located near the outer wall of the vessel with multiple nozzles directing the flow
radially inward. Further, in U.S. Patent No 5,690,896, an interbed mixing
system is described in which an annular mixing trough is used to collect and mix
liquid on the collection tray. Gas mixing and further liquid mixing are
accomplished in a centrally located mixing box in which the fluids flow in a
spiral path towards a central opening in the collection tray. Quench 1s
introduced within the liquid phase through two radially outward onented nozzles

located in the annular mixing trough.

[0011]  While the above mentioned systems may provide significant improve-
ments in process fluid mixing efficiency, they do suffer from less than ideal
qguench mixing efficiency. For example, the ‘967 patent and the *719 patent
described above both restrict the process flow through at least one opening
passing through the collection tray wherein such openings are substantially in
the center of the vessel, and also introduce quench in the space above the center

of the tray. As aresult, in these designs, quench 1s injected into a region of the



guench m xing efficiency. For exanple, the 967 patent and the 719 patent
described above both restrict the process flow through at |east 1on¥loff8hi ng
passi ng through the collection tray wherein such openings are substantially
.in the center of the vessel, and al so introduce quench in the space above
the center of the tray. As a result, Lg_these designs, quench is injected
into a region of the 1 5 DEC 2006 -5 vessel where very high transverse
velocities are anticipated. As will be discussed below with respect to the

present inventio this.configuration results j.n relatjvely,l ess efficient
quench gastﬁSQl W@l?fﬁtbﬁfﬁlgﬂﬁl‘é&%i&ﬁﬂgﬁ }‘.@tog {esaﬁfganh ége'éﬁf%‘%wlﬁrlﬁﬁough a central
openi ng i ngispg toli : t NI BGL ans
substanti a Tsy Snsgg(rﬁe!tlﬁg V\I/gllp fés%’g?‘ tt0 ﬁgé \?gééggf ﬁﬁdme?ﬁsﬁuq‘llﬁ?? %%heﬁ éyggfzf(lr)ﬁe{s)é}‘glﬂ?ecti ng
quench r adiratdlyptivelndesd .efficiehhiygen isghixifiglench may be suitably located in
| ow-velocity region as it is wwth the present invention, however, the

quench fluid does not enter the vessel flowng counter to the transverse

vel ocity ofodBe prheeSstS paiest dAssforass Auehthrelggdsa oeofitralppeabigeinnthi ng bet ween
t he process and quench fluids. In this design, it is also believed that the
quench | oceellemiondyahdut decatesdthe spentloyyestiaromenns wabstargialkyheear ves wall,

| eavi ng i na uat e m xj ng vol une between the injectiqgn.poin nd.the wall.
[ 0013] *Theot B 6ss BHith AuRla Bz diRGwnesagh sve o dRvat] BE&if ng i n the
col l ectiontr:ay, f LS. )\ 4 L Eal . to the
openi ng ag&%g%{ ’e%%%tt‘:hc#' ‘%Elgj? 1§ Pléélﬁgﬁg%&egd Lﬁr)\iét“ﬂ\ge rcé&l%%%n%ﬁlt |15§N|nﬁﬁé€t ed in

two |ocati ?fb%e@ﬁnv&ﬂﬁoﬁﬂﬁ%yé%&%@tcﬁl@néﬂﬂ%ﬁPdQ@Qﬁ&eé}teﬂ theh@sfgfigigg that at
nost one of the quench injectors in this design lies within a | owvelocity
regi on benedumtento the transvege veldaiyi arthy préeess fiknd ahdeasquehcdloésmaect ors in

this systemdirect fluid radially outward, perpendicular to the transverse
vel oci ty oPrarpetegpbdes betweandhe proesss @ad guench fluids. In this design, it is also

believed that the quench location may be located too closely to the wall of the
vessel, leaving inadequate mixing volume between the injection point and the

wall.

[0013]  The *896 patent again forces flow through the central opening in the
collection tray, but flow is forced to follow a roughly spiral path to the opening
as a result of baffles placed on the tray. Quench is injected in two locations on
the tray separated by 180 degrees. It is believed that at most one of the quench
injectors in this design lies within a low-velocity region beneficial to mixing
efficiency. Further, the guench injectors in this system direct fluid radially
outward, perpendicular to the transverse velocity of the process fluid rather than

opposite the transverse velocity of the process fluid.

[0014)] Another system, disclosed in U.S. Patent No. 6,180,068, also provides
enhanced mixing of quench gas and process fluids within the interbed space.
This system employs separate mixing zones for each of two reactants permitting
flexibility in mixing conditions while minimizing pressure drop as well as space
and volume requirements. However, the efficiency of this device is sensitive to

the degree of phase segregation achieved at the interbed inlet and thus may not



opposite the transverse velocity of the process fluid. [0014] Another
system disclosed in U S. Patent No. 6,180,068, also provides enhanced

m xi ng of quench gas and process fluids within the interbed spaceltl b s
system enpl oys separate m xi ng zones for each of two reactants permtting
flexibility in mxing conditions while_ginimzing pressure drop as well as
space and volune requirenents. However, the efficiency of this device is
sensitive to the degree of phase segregation achieved at the interbed inlet
and thus may.not 1.5 .DEC 2006.. -6 perform as. desired under_all conditions
2nd vith ESHEE ¢ SRV 4 cRsTiony AN R AEORACE & PERICY B e above
and ot her known.oixing systems generally suffer fromthe fact that there is
i nsuf ficient space within the m xing chanber to pronote intense two-phase
mxing. This limts the capability of these systens to honbgeni ze quench

fluid wt es | 3 (ﬁ,ﬁ?ﬂ:{geg o en
fluids frg[%g ﬂgf e?gﬁtéygggta?gg)stﬁg}ﬁi e %ﬁelgc mﬁl E%%B‘?Acﬁr%g? gﬂﬁ?ﬁ‘é’?g{?@ a
continued faoeget tieerpiviisdffidiend spacs ydtteithd hakingrahamiterid pesiastd inkenghase

m xing. A preferred systemalso should _Fr ovide sufficient volune for the
vapor phastava-phasei mixiepadhiselipitsritbencapabilitygef dhephsgtemEve homligesizsat i sf yi ng

the above criterja, it 1is preferable that the designated m xi ng system
mi ni ni zes cﬂlwémﬁrfbgéowéh BrQsESS fids awdttﬁéfra%'at@frwr%rgr%&?fera%cegé}em‘m ng

rel atively, trofi ' XieStd D re rspati constraints. [0016]
he can gendpar KioiBeiBtiehs Ueblps inthe Bhoih 0 2R RLabRl) afierefiRarinfplgd- 10040
defi ci encynded bR oPidehixdh %{méﬁs&ﬁaqﬁﬁ;ndt@irﬁéﬁdeqw hiethpdng! aguench fluid
with process fluids. SU OF THE I NVENTI ON [ 0017] The preSent invention
provi des gprebfaredd sysaem also ghomld geovide sufficient volume for the vapor phase to

mix separately from the liquid phase. Even while satisfying the above criteria, it

is preferable that the designated mixing system minimizes the pressure drop

within the reactor as well as permitting relatively easy retrofit with existing

reactor spatial constraints.

[0016]  As can generally be surmised from the above discussion, there is a
deficiency in the prior art with respect to efficient mixing of quench fluid with

process fluids.

SUMMARY OF THE INVENTION

[0017]  The present invention provides a novel means to provide more
effective mixing of quench fluids and process fluids within a reactor vessel.
According to the teachings of the present invention, one or more quench
injection means are selected to satisfy three criteria either individually or in
combination. First, quench is injected at locations where process fluids are at a
relatively low velocity rather than where they have started to accelerate toward
the openings through the collection tray. Second, quench is injected at locations

where there is adequate mixing volume between the injection points and nearby



effective mxing of quench fluids and process fluids within a reactor
vessel. According to the teachings of the present invention, ogsnﬁgzmmre
guench injection nmeans are selected to satisfy three criteria etfthér
individually or in conbination. First, quench is injected at |ocations
where process fluids are at a relativel,y low velocity rather than where
they have started to accelerate toward ‘the openings through the collection
tray. Second, quench is injected at |ocations where there is adequate

m xi ng vol une_bet ween the injection points and nearby. 1 5 D E C 2006 -7
confini ng SonfBBESuEiaees such dcthe agaater Wiht | Thinhjqugnclyiseinggstedin dj ected in a

flu ds. 1 Bt onRRBRER i RuTABalRl MsdPAHE TRebme Proem oS a
m xi ng system is described with such m xi ng system conprising a horizontal
| | ecti : i %l nber, . i g d bel .h |1 ' : d
at |2§sl:2h6efﬁ§iss§ag€8r‘ TR AT ewat bR bt SR e The ™"
Co : 0 <ol . " .
o phase. S E o L e s R My e BIT. £

col | ecti onniikalg ¢hanthdri@sitiofieddbel@hahi®esllectivn thayiang at Measbene pasdageabl y
includes at |east one outlet opening for the downward passage of fluid. The
i nt roduct i $raycixtgrkng thnepgb thatolletiondrathinio themyiingrhastrenbdheagixdegscr i bed

in applicant's, co- ding, applicatjan entitled "|nproved Miltiphase M xing
Devi ce wit ﬁﬁﬁgp?‘i %‘g{}(&ﬁg]lef:gg? it & twc?\‘lﬁh%mi’gﬁéli’f%ﬁg, | ed on
January 13 I I R L ith the
m Xi ng sys %%gggé%??éggﬁﬁ%?lmhﬁgp g%“l){?(;{h%b élltegg?%ga yﬁﬁ%g@gﬁﬁﬁzne%m cribed in
that patenthapbbi. CRhé BiixingQhPbetpréfef £514liAicl@licd V1845t o8 dilRPEPerdhgt he
specific locations and inthe specific directions dictated by the teachings
of the pr esanheidowarwardmassiggrifffliddntThel imroduetiends oneoninarabatfldsi ci ency are
obtained. In _particular, mxing of quench _ ) o

within the mixing chamber as described 1n applicant’s co-pending application

entitled “Improved Multiphase Mixing Device with Baffles” (Application Serial

Number 10/341,123, filed on January i3, 2003) may optionally be implemented

in accordance with the mixing system described herein so as to obtain the

benefits described in that patent application.

[0019]  As aresult of injecting quench at the specific locations and in the
specific directions dictated by the teachings of the present invention, significant
improvements in mixing efficiency are obtained. In particular, mixing of quench
fluid is significantly improved when quench is introduced into a region above
the collection tray and where (1) lateral velocities of the process fluids are low,
(i) sufficient volume is available for the quench fluid to mix with the process
fluids, and (iii) quench injection occurs opposite the prevailing direction of

process fluid flow.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] FIG. 1 is a schematic, side-elevational view of a reactor column,

shown in cross section;



fluid is significantly inproved when quench is introduced into a region
above the collection tray and where (i) lateral velocities of the process
fluids are low, (ii) sufficient volune is available for the quepg@E lypjgd to
mx wth the process fluids, and (iii) quench injection occurs opposite the
prevailing direction of process fluid flow BRI EF DESCRI PTION OF THE

DRAW NGS [0020] FIG 1 is a schematic, Side-elevational view of a reactor
colum, shown in cross section; 1 5 DEC 2006 s [0021] FIG 2(a) is an
obl i que view of the volune above the collection tray extending outward to
the wall of &he riﬁgiﬁr colum with such viewillustratin t he di nensi ons

u?]ed to ﬂe@@ B Pe R 1S gnpbliguaview of dhs ¥alumg abeyeothe 3 lﬁF%‘)rl‘ He¥or di ngf to
i j ion; [0 FIG, 2 is . i
the regr on TRrdehwBrEREM okl P tedRaris? Sarbm® i Sl e fhg ng ' ne

di mensi 0”Sth*éﬁﬁﬁ'lehﬁ0ﬁ§h§éd‘1@§?@ﬂ%ﬂd@éptﬁhﬁcﬁ_ﬁ@éﬁlenﬁf @}&Fgg%]'g]i?h@?g\bﬁﬁs poi nts

according to the teachings of the present” 1 nvention, 3(a) is an

obl i que vi swwoedinghe tivoteaohingb@f ehd presedd ineehtiom tray extending outward to
the wall of the reactor colum with such viewillustrating the dinensions
used to determ ne optinmal placenent of quench injection points according to
t he teachi W§22bf il Bfksiamt planvig o6 themegiominpiipnlo thafreaor eolyrusent

b th I [ t : 1 0024],.FIG. 3(b) j I iew qgf .th [
Coeer: o SR SR AR o ey B s o
dto d . _ Lol ¢ A, . . _ di N
'ho.t eachi noauss AReHBR oo e R ine & R e R PR e 1 1
[0Q25] FIG 4(a) is an oblique view of the volune above the collection tray

[0023] FIG. 3(a) is an oblique view of the volume above the collection tray
extending outward to the wall of the reactor column with such view illustrating
the dimensions used to determine optimal placement of quench injection points
according to the teachings of the present invention when a spiral baffle is present

above the collection tray;

[0024)] FIG. 3(b) is a plan view of the region interior to the reactor column
with such view illustrating the dimensions used to determine optimal placement
of quench injection points according to the teachings of the present invention

when a spiral baffle is present;

[0025] FIG. 4(a) is an oblique view of the volume above the collection tray
extending outward to the wall of the reactor column with such view 1llustrating
the dimensions used to determine optimal placement of quench injection points
according to the teachings of the present invention when a double spiral baffle is

present above the collection tray;

[0026]  FIG. 4(b) is a plan view of the region interior to the reactor column
with such view illustrating the dimensions used to determine optimal placement
of quench injection points according to the teachings of the present invention

when a double spiral baffle is present above the collection tray;



extending outward to the wall of the reactor colum w th such view
illustrating the dinensions used to determ ne optimal placenent .of quench
injection points according to the teachings of the present inveﬂgimﬂ:ﬁﬁ%n a
doubl e spiral baffle is present above the collection tray; [0026] FIG 4(b)
is a plan view of the region interior tg the reactor colum wth such view
illustrating the dinensions used to determ ne optimal placenent of quench

i njection points according to the teachings of the present invention when a
doubl e spiral baffle is present above the collection tray; 1 5 DEC 2006 -9

[ 0027] FI a) Ls.-a_plan view of t m xi.ng syste f the present

i nventi on%opgf]ust fjgi ﬁga)tlﬁé Hl%‘béﬂqvbﬂpgﬁ Wﬂ%ééﬁeﬂl ¢ E?@d{rﬁsrerﬁ?ﬁlvénflpﬁst
enbodi nment. g At nt.i.Qn;. : I El i vation view
of the m xliu%tré@? g%r lg)?' g@%’ebgﬁ-‘ges@net%%hillﬁggﬁ}%i%ﬁ fﬁsf g@?’bg{lﬁ%rgrhfﬁhgl ocation of
t he quenchyriefdiRGh@dntidh;a first embodi ment of the present invention; [0029]
FIG 6(a) is a plan view of the m xing systemof the present invention
illustrating the |l ocation of the quench injector in a second enbodi nent of
the presdf028nvediGoi(b)[i10@BE]evEltiBn G¢w)ofithe anxalgwatémofthepresént he mi xi ng
system of the present .invention illustrating the |ocation of the quench

i nj ector iAVanierHhstaknsdheriasatiopof the qpenchidniedionian fisst enfogsnentofc. 7(a)
is a plan %li ew of the gixi ng systemof the present invention illustrating
the | ocati ﬁp('i?set“ﬁgwc?ﬂ} fAth injector in a third enbodi nent of the present
invention; and [0032] FIG 7(b) is an elevation view of the m xing system of

t he prese 1NV e py¢ NE i i lnliegtor in a
the prese Oqgio%%}m gr]gc@ B(d)lib YARVIERDof e hBGARE kP&teR] of e FHEEME hiehtith
' illustrating the location of the quench injector in a second embodiment of the

present invention;

[0030]  FIG. 6(b) is an elevation view of the mixing system of the present
invention illustrating the location of the quench injector in a second embodiment

of the present invention;

[0031] FIG. 7(a) is a plan view of the mixing system of the present invention
illustrating the location of the quench injector in a third embodiment of the

present invention; and

[0032] FIG. 7(b) 1s an elevation view of the mixing system of the present
invention illustrating the location of the quench injector in a third embodiment of

the present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0033]  Figure 1 shows, in simplified form, a hydroprocessing reactor column
in accordance with the present invention. The general configuration of the
reactor is conventional, as are details such as the supports for the grids and
distributor plates which are not shown for purposes of clarity. The reactor

column 15 is formed as a generally cylindrical chamber having an outer wall 16.



t he present invention. DETAILED DESCRI PTI ON OF THE | NVENTI ON [0033] Figure 1
shows, in sinplified form a hydroprocessing reactor colum in accordance
with the present invention. The general configuration of the rddclid e
conventional, as are details such as the supports for the grids and

di stributor plates which are not shown for purposes of clarity. The reactor
colum 15 is fornmed as a generally cyrﬂgﬁrical chanber having an outer wall
16. 1 5 DEC 2006 -10 Areactor inlet 17 and a reactor outlet 18 are

provi ded for introducing and discharging fluids fromthe reactor colum 15.
The react o Teaftondnlatsl apd hé@aot%@lﬁi@tg@s&r@m@mﬂeﬁé@@lmpm aigeds 20

R
ted t Iy . i d
SuppOr o6 B Dl 531104 0 B TR, kb ABRRL o

catal yst nhteeddbr cdlunl 131 Bath ¥ethe cdthigsChéd| B EoRbinR Qatal WiiratédAalBy
provide indirect support for the catalyst 21 by retaining one or nore

| ayers of whichrigprefesahdponpportedsbtivw by asotalys suhpaet grid 22r The apiabyst t he
catalyst 21. A distribution tray 23, for facilitating even distribution of
f1 ui ds ovetUPPRE awgge%fr with %’Fé?‘-@‘?ﬁwaﬂllﬁ proxideredired sUpPeHdocteal vst

Compr i s TR TRARLR ¥3; ANRRRE P EEy A0 ophtririth 2 B bRt | 5 T ar g
to allow filujds %P?ﬁ%rttﬁhe&ﬁéfgﬁf@?@? rk%iﬁﬂg%efﬁ}’méﬁela?f&@%i drn the

cat al yst support ds 22 are fficrently so as to preve t he
cat al yst Zuppoaingeasid ogsdiidsoslich iﬁumtxhﬁrpgohtth\ﬁlidatalm 2dppA elidtaibatdon hat t he

openings in the distribution trays 23, and any fl ow devi ces which may be
associ at edray 2B, fondaaptatinggyenrdistibutiontafifbuds even thagetabwst 2dhiuprgfare si zed
and _ spaced Ul Rt p bl e SO0 9R O TS LB hid B a? S
the distribution trays 23 comprise meshed or perforated portions having
openings sufficiently large to allow fluids to pass therethrough. In addition, the
openings in the catalyst support grids 22 are sufficiently small so as to prevent
the catalyst 21 from passing through. Further, it will be appreciated that the
openings in the distribution trays 23, and any flow devices which may be
associated with the openings in the distribution trays 23, should be sized and
spaced such that fluids deposited onto the distribution tray 23 are generally
forced to spread substantially over the distribution tray 23 before passing

through distribution tray 23.

[0034] The spaces between successive catalyst beds define interbed mixing
zones. The mterbed mixing zones function, in part, to provide a homogeneous
mixture of reactants to the catalyst beds 20. Additionally, the interbed mixing
zones provide a convenient position for introducing quench fluids and/or
supplemental reactants into reactor column 15. Although the embodiment
shown in Figure 1 contains three catalyst beds 20 and two interbed mixing

zones, it will be appreciated by those skilled in the art that the reactor in



forced to spread substantially over the distribution tray 23 before passing
t hrough distribution tray 23. [0034] The spaces between successw:g E@ [']aBI yst
beds define interbed m xing zones. The interbed m xing zones fu { rz
part, to provide a honbgeneous m xture of reactants to the catal yst beds
20." Additionally, the interbed m xing zones provide a convenient position
for introducing quench fluids and/or ‘s]ulppl enental reactants into reactor
colum 15. Al though the enbodi nent shown in Figure 1 contains three

catal yst beds 20 and two interbed m xing zones, it will be appreciated by
those ski | hemprdanceheithatie preaent ingentbactmay dontdib niii€ i216& thad thecor dance
with the present invention may contain nore or |ess than three catalyst
beds and neatalyst bedssanck mare oSSk thasy Neiintetbed gnixénesongso035] A mixi ng system
is positioned within at | east one of the interbed m xing zones. The m xi ng

system con‘i)rl ses a collection tray 26 which extends generall y per pendi cul ar
to a |ongi t08d5hal Auging sysieqaisposbpnesH within epleasicencel thednteresl spans

Pl R L
Accordi ngl gerhéfﬁ’llly g&geﬂalcﬁﬂ ZAGIO?Iglthﬁ hpatis leQéao?@F%élﬂF%gg.oﬁgﬂe&% catal yst

bed 20 wh tron bove©coll ection tra e or nore

passagevaygay 26apansubstatilliyhaceeds e ehare diagktdboft Ractpr evighen fikybds
comuni cati on between the upper and | ower regions of the interbed m xing

zone. Accomdlwglwthetlherlmswe@mezmow wppenzagdar loawwt/region! i qui d phases
col |l ected ove tg I ection éray 26 %]Hgl | ow downwar dl into the | ower
regi on of Aggondia ‘?ﬁtk@ﬁﬁ&% n80llgGis flyidsepassimgraruenBasatadyy hed

coll ecti onzéWclgfsoﬁ&r@éﬁe?e%]&\ggcgﬁﬁggggmy%sﬁhm formed as spillways. Each of

the spillways 13 in the collection tray 26. A
first

[0036] One or more passageways 29 are provided in collection tray 26 to
provide fluid communication between the upper and lower regions of the
interbed mixing zone. Accordingly, the passageways 29 permit vapor and/or
liquid phases collected above the collection tray 26 to flow downwardly into the
lower region of the interbed mixing zone. In the embodiment shown, each
collection tray 26 comprises two passageways 29 formed as spillways. Each of
the spillways is formed as an opening 30 within the collection tray 26. A first
conduit 31 is formed above the opening 30 for directing fluids through opening
30 and a second conduit 32 is formed beneath opening 30 for directing fluids
that have passed through opening 30 away from opening 30. It will, however, be
appreciated by those of skill in the art that other designs may be utilized. For
example, the passageways may comprise open-ended tubes passing through

collection tray 26.

[0037)  Mixing chamber 35 is positioned below collection tray 26 to receive
fluids which pass through passageways 29. In the embodiment shown in Figure
1, the mixing chamber comprises a cylindrical wall 36 attached to, and extending
generally perpendicular away from a lower surface of collection tray 26. Mixing

chamber 35 further comprises floor 37, extending generally horizontally from



conduit 31 is fornmed above the opening 30 for directing fluids through
opening 30 and a second conduit 32 is formed beneath opening 30 for
directing fluids that have passed through opening 30 away from opgptngpso.
It will, however, be appreciated by those of skill in the art that other
designs may be utilized. For exanple, the passageways may conprise

open- ended tubes passing through colletion tray 26. [0037] M xi ng chanber
35 is positioned below collection tray 26 to receive fluids which pass

t hrough passageways 29. In the enbodi nent shown in Figure 1, the m xing

chanber cooplindalavalyBé ngon eetichdluid 36n abllehalieirel) 8 pbsiitned dengrally
general |y perpendicular away froma | ower surface of collection tray 26.
M xi ng chpetipheraByfatthehend ebfiper 32ss fireainisg walkexanding ppependacularly
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prior to eghidiides b ¥t AHRINGEhe oo L of Hﬁﬂ&?i}qbaﬂ’ﬁieﬁ' |3‘.’5Q1ri|(tﬂ d ie‘%'éﬁog o retain

fluid on the floor 37 of m xing chanber 35 un the level of fluid on

fl oor 37 i fluabontflaohé79aabodstheganii gher highan thamethb diepgltt odfweied®. 40. [ 0038]
Fl ash pan 44 is optionally positioned within the interbed m xi ng zone bel ow
m xi ng chanber 35. Flash pan 44 conprises a floor with a retaining wall

ext endi ng HM381 antFlash pav détis oplibyaliyppesidondxbut thih ehepmtérbed enixnfg tdre 1 oor.
Flash pan 44 al so optionally conprises openings or upstanding pipes to
convey fl ubglow Risingehaber 390 rFlash pamdh cprprisgs aglopswidna rawiniay wadl

provi ded to_recgeive | ui ds as..t are di,scharged.from nmi xi C er 35 so
Vo evenPyielidierhstastiafly s Al A R0t B parione B ofiods OB FBREL 1 oy
23, [0039] phid 4298 bibnatYechipr IR HANS b R Euldh A Birke 15 bR fbiouoh the
through the floor of flash pan 44. Flash pan 44 may be provided to receive
fluids as they are discharged from mixing chamber 35 so as to evenly distribute

the fluids over the surface of distribution tray 23.

[0039] In addition, one or more quench feed lines 46 extend through the wall
16 of reactor column 15 into one or more quench injectors 55 within the interbed
mixing zones. Injectors 55 enable a fluid or a gas to be injected into one or more
of the interbed mixing zones. Quench feed lines 46 may also enter through the
top or bottom head of reactor column 15 and pass through catalyst beds 20 and
distribution trays 23 to arrive at an injector 55 within the interbed mixing zone.
For example, in a hydroprocessing reactor, hydrogen may be injected as both a
guench fluid and as a reactant. In general the quench fluid may be a gas, a liquid
or a mixture of gas and liquid. Injectors 55 should provide a uniform, initial

distribution of the quench fluid as further described herein.

[0040] Although not required in connection with the present invention, FIG. 1
further shows a baffle 42 within mixing chamber 35. As described in applicant’s
co-pending patent application entitled “Improved Multiphase Mixing Device

with Baffles,” which is hereby incorporated by reference, baffle 42 facilitates the



16 of reactor colum 15 into one or nore quench injectors 55 within the
interbed mxing zones. Injectors 55 enable a fluid or a gas to tge 'Ecnj ected
into one or nore of the interbed m xi ng zones. Quench feed |ine 4 ﬁQﬂ@/

al so enter through the top or bottom head of reactor columm 15 and pass

t hrough catal yst beds 20 and distributjion trays 23 to arrive at an injector
55 within the interbed m xi ng zone. Foh ‘exanpl e, in a hydroprocessing

react or, hydrogen may be injected as both a quench fluid and as a reactant.
In general the quench fluid nay be a gas, a liquid or a mxture of gas and
liquid. | ningongos fBeds wothin npxong atanebendiSt dndfigire 1, taffle di2saxtédalst i on of t he
quench fluid as further described herein. [0040]. Al though not required in

connect i orP&EPendieplarly andedawnwardly fram thy ottam of gollseHoB H3N0a baffl e 42

wi thin m xi ng chanber 35. As described in applicant's co-pending patent
application entitled "| nproved %i Fhas_e M xing Device w.th Baff|es,"

whi ch is HEPALy | Axsopdingitedhgpecaiie Feaghings pifthe presont iyentiontqienche 15 DEC
2006 - 13X £ £ ui ithin mxing chanber 35. In Fiqure.l, .baffle 42
extonds  palghiagis et donty el b R Enh Bhe 37 mork st fuleiah 1 1 ay
26. [ 0041]peiiaAuhiBal(® iR%cEARBahYineIRREA VIS:IRLs bBrdReeSAldsRYENL T ON,
quench fluid mxing Is significan I}% i nproved by setecting one or nore
quench i njregidmoare lpwi, (il psisticient hatunié s dvaglabieclforbeayiagh Al @/misel ociti es
of process fluids in the region are low, (ii) sufficient volune is

avai | abl e With th\prapgentivids, and (iiio the guenghtis intredygedcwih af vakoeity whidh (iii)
the quench is.introduced with a velocity i C is pringipally opposed to
that of tH8 PEISHRA ‘?I?Rﬂsaémtl? gﬁg\?gFQ%PKFEF%%\AﬁP@UWVEF%eYPﬁ?@W-n Ywhere process
fl wids pas; ] ' . 1 Bj { pat hs t hat
process fIluF%@fﬁﬂg\t}’g&gE&Fclﬁé%ﬁg%dé;boagé?ﬁ/rto ﬁghggé;g?l?%cstmﬁwg?’r%g{%n tray 26,

the best |(9ﬁl§‘ﬁjhﬂfghﬂ1@rpattl|i‘§t_}@§ pRsdedd AdidsniRe a8 (y ppréadh fiR opéai¥sThned in
accordance with the teachings herein. In nost existing downfl ow
collection tray 26, the best location for the associated injector(s) 55 can be
determined in accordance with the teachings herein. In most existing downflow
reactors, the openings in the collection tray 26 are at or near the center of reactor
15. In such cases, process fluids exiting downward through the catalyst support
grid must travel generally horizontally along or above collection tray 26 toward
the openings in collection tray 26. Further, if the space above the collection tray
26 is mostly empty volume free of obstructions, then the flow paths will proceed
directly toward the openings. In cases where baffles are present on the

{ collection tray 26 on the upper surface of collection tray 26, the flow paths will

proceed toward the openings by a more indirect route defined by the baffles.

[0042]  Depending upon where the process fluid flow paths fall, according to
the first and third criteria of the present invention, quench is injected where the
process fluids are traveling at a low relative velocity and such that the quench is
injected in a direction opposite that of the process fluid flow. In general, this
dictates that quench be injected nearer to the wall 16 of reactor 15 and in an
outward direction. However, it is also preferable according to the second criteria

of the present invention to ensure adequate mixing space between the injection



reactors, the openings in the collection tray 26 are at or near the center
of reactor 15. In such cases, process fluids exiting downward tRrgygigst he
catal yst support grid nust travel generally horizontally along or above
collection tray 26 toward the openings in collection tray 26. Further, if
t he space above the collection tray 2? is nostly enpty volune free of
obstructions, then the flow paths w T ﬁroceed directly toward the
openings. In cases where baffles are present on the collection tray 26 on
t he upper surface of collection tray 26, the flow paths will proceed toward
t he openi pgtis) andritbe ecdctati weldtl 6rinutrdetief maxinizy mikingdeffidieasy. TH042]
Dependi ng upon where the process fluid flow paths fall, according.to the
first andProgess ferdetepmining thawppsppdaisiniesiien fios(s)doanat theafospsdid ed wher e

h fluid | i | lative vel aci d such th
e R R G N R
flow In ggagkdlin thgkélloai‘fgt%ﬁ}gﬁiﬁﬁé quench be injected nearer to the wall

16 of reactor 15 and I n an irection. However, it is also
preferable according to the second criteria of the present invention to

ensure ad e Njx¢ t i ] Q -14
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point(s) and the reactor wa r to maximze m Xxi ng i ency. The

process f docatiglgajuench igjettvgs &piprseduipahahé npeof imerhedidesigsy with neet t he
aforesaid three criteria and systens resulting fromsuch determ nation is
di scussed openigigs thiowghghaicoll¢etiamisay 36Ithati arg subsiantigty onthe [c@ouslof Ithe one

enbodi nent qf the present jnvention, . the. nethodal og 0 | ocatin uench
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dictates a minimum and a maxi numradi us within which the quench fluid is
pr ef er abl yihisjmeenddn is not, however, necessarily limited to use with interbed designs

in which openings are close to the center and the teachings may also be applied

to applications in which openings are spaced closer to the periphery of reactor
15.

[0044]  Turning now to Figure 2, the teachings of the present invention with
respect to locating quench injectors at or near points of low process fluid
velocities are next discussed. The low velocity region of the headspace above
collection tray 26 can be defined as the region where the kinetic energy square
root ratio of the quench flow and transverse process fluid flow is greater than a
critical value. The preferred value according to the teachings herein depends
specifically upon process conditions and design safety factors, but experimental
results indicate that the optimal ratio is in the range of 3 to 150. The kinetic
energy square root ratio of the quench flow to transverse process fluid flow

(KEQ/KEX)“2 at any radius in vessel 15 1s given by:

(KE/KEx)" = f (Qq, Qb Pg» Pp» Ag, H, R, 7).

where Qg and Qp are the quench and process fluid volume flow rates

respectively, po and pp are the respective fluid densities, Aq 1s the total cross-



This invention is not, however, necessarily limted to use with interbed
designs in which openings are close to the center and the teachings may

al so be applied to applications in which openings are spaced cl dseBEl &0 he
peri phery of reactor 15. [0044] Turning now to Figure 2, the teachings of
the present invention with respect to |ocating quench injectors at or near
points of |ow process fluid vel oci ti ed”are next discussed. The | ow vel ocity
regi on of the headspace above collection tray 26 can be defined as the
regi on where the kinetic energy square root ratio of the quench flow and

t r ansver seeptionassed fari flow lodwhé quemdhaingsctonsan tiee poinit(s) ofitlischinge, Hiike
preferred val ue according to the teachings herein depends specifically upon

process cdhaibeizhof sheiflyekiayar onfha goliaction teay pluthesaperphasaeathe resul t s

i ndi te that . i.mal rati .S | th f 3 10.150. The ki ti
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(KEQ KE) 12y R @ibkad| it hOCHRERS \del £5.01 ven by: (KEQKE( 112 = (@)
AQ H R ). an

Q, PQ pp, ere Q are the quench and process fluid
volune flow rates respectively, pQ and pp are the respective fluid

densities, IS O%S ‘o i for flow
of the que[ggé?]i nj g{gﬁgﬁgé@n ﬂm po%#%f@%?gggé%%%\li g%?k(gﬁgg? ght of

the fluid thayeichampstdfahe prdseat imentivaytheffuh&eors Aesadhad forake Vhkie sfuench
fluid, Ris the inner radius of vessel 15 and r is any arbitrary radius |ess
than R neagbichdesultsnintthe kiraticeanengy s@saseroatyatip(easd equad td artargedbmaluei s
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appl i cati Qdbiained is the minimum radius R, within which quench injection points should

be located in order to obtain the benefits of the teachings of the present inven-

tion, that is, to create the most favorable conditions for quench fluid mixing. In

this way, the first criteria for optimum quench injection, namely locating

injection points in the region of low process fluid velocity, can be satisfied.

[0046]  If the region containing the openings through the collection tray can
be circumscribed by a circle of radius R, which is greater than the minimum
defined by R as calculated above with respect to the first criteria, then R, itself
becomes the minimum radius for locating the quench injection point(s). In any
event, the first and third criteria dictate, respectively, that (i) the quench fluid is
injected at a radius Rq which is greater than Re; and (i) the quench fluid flows
in a direction which is counter to the transverse process fluid flow (i.e.

substantially outward in the radial direction).

[0047] Regarding the second criteria, quench mixing performance is
enhanced when the volume available for mixing exceeds a critical {raction of the
total volume above collection tray 26. As with the kinetic energy square root
ratio used in the first criteria, the preferred volume fraction for quench fluid

mixing is application specific, but experimental results indicate an optimal value



where precise tenperature control is particularly inportant. The val ue of r
thus obtained is the mninumradius Rc, within which quench injection
points should be located in order to obtain the benefits of thelbddéhilgs
of the present inven- tion, that is, to create the nost favorable conditions
for quench fluid mxing. In this way, the first criteria for opti num quench
injection, nanely locating injection ’p’cdj'nts in the region of |ow process
fluid velocity, can be satisfied. [0046] If the region containing the

openi ngs through the collection tray can be circunscribed by a circle of
radi us R betineani0s0paediDelS. t Adargeheahiershould beitf geted ibpppidatensorisral at ed
above with respect to the first criteriag,. then R jtself _becones the

i ni num r AR ABMPLALAE "r?émi‘ﬁés H%Fé‘ﬁ&f?lﬁfn‘jn&ﬁrf%- datiepf avallafle  event,

the first i iteria dict . tiyely, that (i) th h
fluid is ﬁ‘%%g@[}éfd‘qggR’?“?@%?’@‘%ﬁ}ﬁ{“@[{?%@%&r%s et t han Rf:l,)ande(iC]:J)e "the

quench fluid flows in a direction which is counter to the transverse
process fluid flow (i.e. substant\(l‘a/l\fw:édm}d in the radial direction).
[ 0047] Regarding the second criteria, quench mxing performance is enhanced

when the VHetsTR avdi bebdefidedr ashinthd firsocrReds and ¢fik tal @@mdtriathhéibrof t he
total volunme above collection tray 26. As with the Kinetic energy square

root ratideriesldas illustratefliin dixe?i By sdleingrfef the ealue of uvehith saesulton f or
gquench flujd mxing is |ication specific, b erimental results

i ndi cate alf %Eﬁg%‘ia?%%gpwl?vﬂs CEE‘E?“Z'@@B’%‘I@-%?Q@éﬁ%?@%ﬁ@%ﬁl% | ar ger
val ue shoujd ed | | i.cat i ere ecise t rat ure control
is parti cu‘{‘é?r P’;?/th ?ﬁp@vgﬁha&?ér{@ﬁﬁfercgﬁﬁOshg{lllsdaqvl\%ur g%epfe)lge ah%%eﬁje :Eprgﬁlﬁbq lume to
total vol upBuhi @reiRikY resi ¥etvredh thBquenchiliéts BBdARE walPIGofifddchizd as in

the first criteria and g is a geonetric function derived as illustrated in
Appendi x 215 HyRgokadedg Ror the value of r which results

[0048]  In the event that reactor 15 employs openings through collection tray
26 at or near the center of the vessel and in cases where baffles are not present
on the upper surface of collection tray 26 to induce other than substantially
radially inward flow, combining the first and second criteria leads to the
conclusion that the preferred means of quench injection is attained when the
injection points are located in a zone between 20% and 90% of the radius of
reactor 15. The third criteria dictates that the quench fluid be directed

substantially radially outward.

[0049] This preferred location and direction of quench injection, in cases
where process fluids pass through one or more centrally located openings in
collection tray 26, result from the radial symmetry of the flow domain. This
symmetry allows the locations of multiple central outlets to be described by a
one-parameter boundary, which is a circle of radius R,, dividing the volume
associated with the outlets from the rest of the volume above collection tray 26.
Further validation of the concept comes from the fact that the transverse flow
crossing the circle of radius R, is approximately radially inward so that the path

length followed by the fluid elements can be parameterized in terms of radius.



in a target value of VMNT chosen between 0.03 and 0.45, the maxinmum radi us
Rc2 within which gquench injection should occur may be obtained. Insufficient
volume for mxing results between the quench inlets and the walyj 08 &b
reactor 15 if RQ exceeds Rc2. [0048] In the event that reactor 15 enpl oys
openi ngs through collection tray 26 at,sor near the center of the vessel and
in cases where baffles are not present " on the upper surface of collection
tray 26 to induce other than substantially radially inward flow, conbining
the first and second criteria |leads to the conclusion that the preferred
means of JueGRERIfe] et thesn feajures pgrmity thiabovmeiterigjte beiegtensisdies are | ocat ed

i b 0% and 90% of. th di f 15. .Th i rd
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in cases re process flulds pass rough*one or nore centr at ed

openi ngs ilimitedd eedsetywithayrcdfar cré@SWettibhoot e oftrdichlss Y araRss¥cddngt he flow
domain. This symmetry allows the |locations of nultiple central outlets to

be descri bydgdeynetiriepne- par amet er boundary, which is a circle of radius RO,
dividing the volunme associated with the outlets fromthe rest of the vol une
above collection tray 26. Further validation of the concept cones fromthe
fact that 08801t r aliovekampld, one possibls alternaievae apmlication afabie psesent i s

approxi mately radially inwar o that the path length followed by the fluid
el enent s d&ﬁg%‘éorb%r%t@FE%Tg’earﬁieﬁl&“r?‘Eh‘?ﬂemr iHIéQCIHa% Pyl - 17

Recognitio £ t r.m iterikat extgnded to
Recount {1 oy BI5RG AEA RGP Reb S BHENE 601 ERA % Fy Bl
under st 000 QY¥, theNewofelSdity tegidh Fdirdkdsstihal whadtirashhoesnef of RacRiresent
invention are not necessary |limted to vessels with circular cross sections
or any ot hEr. Thaspemihgscasstiddetsepaated from the rest of the domain by a circular
boundary. The only difference between this case and the case described above is
that the cross-sectional area outside of the boundary is related to the radiusrin a
different way and thus changes the functions “f”” and “g” described above
accordingly. The critical constraints of the present invention, however, remain
unchanged. Quench fluid should be introduced in a low velocity region
((KEQ/KEP)”2 greater than 3 to 150) of sufficient volume (V\/Vy equal to (.03

to 0.45) with a velocity substantially opposite that of the process fluid.

[0051]  According to the teachings of the present invention, the process for
determining the optimal location for injection points may also be applied to
interbed systems wherein substantially vertical baffles on the upper surface of
collection tray 26 prevent process fluid from following a direct radial path to the
openings in collection tray 26. In the case of a spiral baffle as in, for example,
the ‘896 patent cited above, fluid is forced to follow a longer path to a central
opening, thereby increasing mean residence time on collection tray 26. As a

result, extended contact between the fluids from different regions of reactor 15 is

attained. In this case, the angular coordinate O serves as a one-parameter



or geonmetries. [0050] For exanple, one possible alternative application of
the present invention nay be an interbed design wherein the prlnC| i fl ow
through collection tray 26 is via openings di sposed near the wdli ﬁb
reactor 15. In this case, the |ow velocity region for process fluid would be
in the center of reactor 15. The openiftgs can still be separated fromthe
rest of the domain by a circular boundary. The only difference between this
case and the case described above is that the cross-sectional area outside

f the b | d i di ff dth

ghatnggs ? h qﬁ%&ls"d&g‘”ﬁlﬂ% EIUIQ%C{}\ZIEIE B’ré%l;’ %gﬁﬁﬂlﬁégé‘?e@?faﬁ\é\? nag?_ het clrJ;Sti cal
i d. h
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than 3 to 150) of suff|C| ent vol une (VMVT equal to 0.03 to 0.45) with a

o the teatiithe '@41%%&%%3%%?3&%3& SRS R TGt R A i g e
opt il | Osal:a £ IoHieR O R E}J&Eéﬁf@]llﬁﬁgt%?feéﬁ%hég R pel nt er bed

systens rern su tanti y vertic es~on the upper surface of

col I ecti onddtemind@ for eheaypiral bafis sorfi dlirgdidn OMhivisliNWsthdie@ iKFigE 3r agd al path
to the openings in collection tray 26. In the case of a spiral baffle as

in, for exshopvrein Figuee 3@6tlwatrem—semtltoadl aigafer trhhsiiedsd Bowaccesd the fol | ow a
| onger path openi ng, thereby increasi ng 1msan resi dence time on
t

o0 .a central

col I'ecti oncql ieayozéram bﬁtwe%metsw@ b 1Q ard tha waldged feaster 415 (pds from
di fferent i of C 15 is ttalned. thigaC .t he ul ar
coor di nat G We8h Taelnulef 350 Bhees Arkhen ST AE 3108 3 B R i o R “ni ch
the f1uid bl AHeNSodBYeBRAPHIBIELES baRtHe MabaRBg isHAL WhdeBRnhpeat i on of
the outlet(s) 1nthe collection tray may be define [ 0052] “Anal bgous to
the range agaRQidefan thectceiling bthearhanacl lexameddsy, the reactor wall and the

portion of baffle 310 that is beyond the angle 8. These areas, in this case, are

functions of O rather than r as in the previous examples.

[0053]  Determining the optimal limits on 8q in the case of a spiral baffle
proceeds in a manner similar to that described above by first checking that
(KEQ/KEX)”2 is in the range from 3-150 and then solving for 8¢, if necessary.
Finally 6, is determined by the Vy/V ratio using a range of 0.03-0.45.
Combining the first and second conditions of low transverse fluid velocity and

i adequate mixing volume, respectively, leads to the conclusion that the preferred
location for quench injection is at an angle between 1 and 4 radians with the
quench fluid being injected opposite the process fluid flow direction, which is in

the negative angular direction in Figure 3(b).

[0054]  Because transverse flow within spiral baffling 310 occurs through a

more restricted width than when no baffle is present, the teachings of the present
invention may, in some cases, show that there is no region above collection tray
26 that satisfies the low velocity criterion. In other words, it may be determined

that the process fluid on collection tray 26 is moving too fast at any location for



preferred range of OQ for maxi mum quench m xi ng effectiveness can be

determ ned for the spiral baffle configuration. This is iIIustrat%f hg
Figure 3. As shown in Figure 3(a), the cross-sectional area for 't s 0% se
flow across the collection tray is between the spiral baffle 310 and the
wal | 16 of reactor 15 (or between thelbnner and outer segnents of baffle
310) as baffle 310 winds to the outlet. The cross-sectional flow area

out side the boundary is the wedge-shaped area which forns the ceiling of

t he channel bounded by the reactor wall and the portion of baffle 310 that
i s beyond @M@rab!ﬁ'gtrhép@rswm%namﬂsof quenchifliid iz eccudr éAs sughe engdditionab rat her

th t t { Il t
o+ e BB ARG gD BEba BB SN LBE, L "
d bed 3 hee f
desorl bed ghaKe: Hird aHinbOSE Kbk W any oY 5 A AchByldis rARe [rom
the VM VT ifn AchsliRthgefMfRRgR vyl fdt03- 0. 45.  Conbining the first and second

conditions of |owtransverse fluid velocity and adequate m xi ng vol une,
respectively, leads to the conclusion that the preferred |ocation for

quench i njjees3jon As @further @RENLidrRiovEPlichti andwithspitiad Baf W Abbhe thequench
fluid being injected opposite the process fluid flow direction, which is in

t he negat iopéleangu tran/ 2@1 ﬂm:telaolmlnlgﬁ Ofltmupmsemb)lvelﬁmzﬂaymB@wdalrnsver se
flow within spiral occurs through a nore restricted wi.dth than
when no baOMNECHEN ml oule et g Sesen %u%a%lﬁée&mm ForRAamRe Utay, in

some_casesp, sliay, gl 41 @5%@;@34% UaFRE36E! LESEIBE e aBScd 2!

satisfies the 1 oW Vel ot y'UCr ron. >’ rn rds, erm ned

that the piPReEsn ftr'ag'% i Gkl SRl W Héﬁﬂu%%dts’idé"ﬂifé fﬁ%ﬁso@fiééﬁtrsﬁt any
| ocation for 1 5 2006 -19 favorable dispersion and m xi ng of quench

fluid to apemning dsosglcbollaniondday 26Nndlhis blesedl dppdicatibes prgsendlly nvention is
that it pr1(1)]Y1|st(3aetgd ?n rlglagtqu% fI%rth?seéaesE:Tplnrlalngafﬂes 410 and 420 separate the avail-
able volume into two identical half-domains. To determine the first limit on
quench injection location, namely 6¢,, only one of the half-domains need be
considered. The volumetric flow rate of the quench fluid must be halved in the
calculations to account for being equally divided between the two legs 410 and
420 of the double spiral. However, when determining the second limit on
quench injection location, namely B¢,, the full available mixing volume is twice
the volume of a single leg of the spiral and must be taken into account. Follow-
ing otherwise the same procedure as described above for the case of a single
spiral baffle, limits on 8¢ can be determined. Typically the limits define a
preferred range of angle between 1 and 6 radians. As with the previously
described embodiments, injection should be against the flow of the process fluid

resulting in a preferred direction which is in the negative angular direction in

Figure 4.

[0056]  The double spiral example above demonstrates how multiple paths to
the outlet can be treated. Similarly, multiple openings through the collection

tray 26 can be analyzed even when they cannot be grouped within a simple



whet her spiral baffling, or baffling of any other geonetry, actually adds a
benefit in quench mxing efficiency or not. [0055] As a furtherégﬁgfﬂ@éon
to applications with spiral baffling above the collection tray'I ;

teachi ngs of the present invention may be enployed in connection with a
doubl e baffle design (such as is descri,ged in, for exanple, US Patent
Numbers 5, 403, 560; 5, 554, 346; and 5,56%,396) where the vol une above
collection tray 26 is divided into two domains outside the radius of a

centr al eni,ng throu ol lection tray 26. This c¢lass of applications is
general | y%qqnﬁa%t ?Sa@%%&%i%ﬁﬁm sy casas PRRTRGFRZe%, Er@ﬁpﬁ-aﬁhsépmaé% shaydand 420
separate the il = I .t j | - i To

det erm ne 'ﬁ%ﬁ’@?ﬁ?d ?&ﬁ?gﬂlgntﬂr%%ﬂerp]é%1{1\&?1&@?3%&1}%2%@? ﬁogn“,’ gﬁéﬂ?@{}seal , only
one of theyfiRtd. - TRIWaBEABLHubEch EkThdRiRH1s dAEmiRIel B! theGoddtd st e of the
quench fluid nust be halved in the calculations to account for being

equal | y dithe dgjdctien weans.t has uindikbbghatd thdnple ekt geotieerydeobldealkpy r al .

However, when deternini ng_ the second Iimt on quench injection |ocation,
namel y ocaserdia spafipl encriingts as tiodingle\nsrameter defipingesbothihwupdhninandf a

ingle | ft iral d t be taken.int t. Follow. i
ot hor i se 16t Pl BT eral & ¥ Beri B 4o ABUEY G TeTHesLRSD Bhva BPng) o
ner wi se {8 Fedhe . 4 Fhid SFngl
or et orr od AR P it RErerlze I8 R AL ARl KRUE A Mt PR e Fobc) ) e @

descri bed £l Bpehing dnd IRFbATPRs Sthe Ubkkdie padheil iStadRefrdinQbe @ltdriigalpr ocess
fluid resulting in a preferred direction which is in the negative angul ar

di recti on Ith(at R)dgarke mtefrabbéiinddre (atoRil so splinahnéraniehgttabove denonstr at es
how multiple paths to the outlet can be treated. Simlarly, nultiple

openi ngs tRAFNEITIZAHOR 8T% ®€tSaBI- tray 26 can be anal yzed even when they
cannot be grouped within a sinple 1 5 DEC 2006 -20

[0057]  The actual means of introducing quench fluid according to the
teachings of the present invention may take several forms as described in the
following embodiments. In these examples, the transverse flow of process fluid
1s 1n a radially inward direction implying that the quench should enter flowing
substantially radially outward. In one embodiment of the present invention, as
illustrated by Figure 5, quench fluid enters through a piping tee centered in the
reactor 15 with arms extending a distance Rq greater than the minimum radius

R encircling all openings through collection tray 26.

[0058]  In vet another embodiment as shown in Figure 6, quench fluid enters
through a branched pipe distributor 655 and 656 having two arms (although
additional arms may also be used) where the radius R, to which the arms
extend, exceeds the radius Rc encircling all openings through collection tray 26.
Alternatively, as shown in Figure 7, quench fluid may be introduced through
several inlets from a manifold, duct, or ring which has a radius R, greater than
the minimum radius Rc encircling all openings in the collection tray 26.

Preferably, in this embodiment, the inlets direct the quench fluid horizontally



boundary as described in the cases paraneterized by radius. The domain
should be partitioned according to a curve dividing the transvers [”@@
anong the outlets. The fraction of quench to each outlet is detl

the location of the injection neans. It is unlikely that a rrultlple outlet
geonetry would allow use of a spatial 5 oordinate as the single paraneter
defining both boundary and flow path. “However, it is always possible to
identify the | ongest path within the donmain and paraneterize using arc

| ength al ong that path. In fact, for the case of a central opening and no
baf fl es, tcwwhshigesppgsitidn tosthe tradiverse fvetonityhef thatpeocesaifluid dhi¢lais R) to t he
|nternal boundary (at R0), so radius and arc length paraneterization are

t he sane. S[-‘b@@?']la&}ﬁéafgéltlhwwﬁ@ans of introducing quench fluid according to
the teachings of the present invention may take several fornms as described
in the foI | owi ng diments. In these exanples, the transverse flow of

process f 093P sTﬁﬁ a, OY%E“S&PF%}OF %&?@Wﬁ?r&dﬂy%‘ﬁqu&%‘mﬁ@s thea@ptial quench

he. pr esertiseraatomeiaR HER, rlomLydatynide feBlosy mloft 51 S MR s ©
through a @Mﬂ@@ﬁaﬁﬁ% 6{1% nﬁbﬂ%sérﬁ‘?nvérgﬁﬁ'lte% nbe lithitdd HeffBo %}SP‘%HQ' ng a

di stance RQ greater t ni mum r adi us encircling alT "‘openi ngs

t hrough cgjrkget ipventioayn2p be ppHEd td Q%Mﬂiatlaﬂ@ﬁmwlﬁﬂb@ﬁbmmtlﬂg rR&MN i N
Figure 6, quench fluid enters through a branched pipe distributor 655 and

656 havi ngs uwzd r eneat ooy sevesaeldintiapaaconduits toey phirslotyod inktsifhuaher e t he
radi us RQ 1Tch the arns, extend,  exceeds the radius Rc encircling all
openi ngs tlﬁ?% @6@%‘#‘?&%"’?@5?@5@” 1%@8%&% %unﬁ%ﬂﬁﬁ&ﬁlcﬁ"weﬁ‘gure 7,

guench f|UI in ced ever i nl ni fol d,
duct - or P%&V%ﬁ. 58 ARG AP an Bl PeRbS AN TR ue R
enC|rcI|n I r nthis
mbod mentr e e ol é‘i’éﬁ%%‘?ﬁ“ﬁt K e TN ihhe 2B dRHed f ' D006
herein, except for the consideration, which will be obvious to one of skill in the

art, that substantially equal quench flows from each of the inlets is preferred.

[0060]  The following table presents data reflecting quench mixing
performance for the invention, with quench injectors extending to various
diameters, at fixed operating conditions. Included for comparison are the mean
radius of the injection device and the angle formed between the injected quench
fluid velocity and the transverse process fluid velocity at the point of injection.
The reported mixing index is defined as 100 less the standard deviation of tracer
concentration, expressed as a percentage of the mean concentration, from eight
sample locations equally spaced around the perimeter of the reactor 15 below the
mixing chamber 35. For the operating conditions and reactor configuration used
to obtain the data in the table, the analysis taught in the present invention defines
the critical radii for optimal location of the quench injection points as R¢) from
23.0 to 23.9 inches and Rc; equal to 49.0 inches. As can readily be seen from a
review of the table, a definite benefit in quench gas mixing 1s observed only
when R¢; < Rg < Re; and the quench flows in a direction opposed to the process

fluid.
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fluid. 1 5 DEC 2006 -22 Description Quench Angle Quench of Quench Fluid RQ
Z(up,u® Mxing Run Injection Means Phase (inches) Rci <RQ<Rc2 (dﬁgrngg%%

I ndex 97 2-Arm Distributor GAS 2.25 NO 180 90 (as in Fig. 5) 98 2-Arm
Distributor GAS 6.88 NO 180 91 wth Slotted End Caps 71 Central

Di stributor GAS 8.00 NO 90 80 wi th No,Arms 105 8-Arm Di stributor GAS 9.00
NO 180 88 (simlar to Fig. 6) 102 2-Afrm Di stributor GAS 17.06 NO 90 91

with C osed Ends and Nozzles along ,Length 103 2-Arm Di stributor GAS 18. 38
NO 0-90 90 with C osed Ends and Holes along Length 106 2- Arm Di stri butor
GAS 25.38 YES 180 95 (as in Fig. SPEERIX Arm Di stributor GAS 49.38 NO 180

90 (as in Fi ﬁ'eri%tion of First Criterion for Preferred Quench Injection Location(s)

The following derivation leads to the first criterion for locating quench injection
point(s) in a reactor where the openings through the collection tray are
substantially in the center of the collection tray. This criterion requires a
relationship between radial position from the reactor center and the Kinetic
energy square root ratio of the quench fluid to the transverse fluid flow,

(KEQ/KEX)” 2. The nomenclature refers to Figure 2.

The kinetic energy of a fluid stream 1s the product of the fluid density p and the
fluid velocity v squared. The fluid velocity v is the quotient of the fluid volume
flow rate Q and the cross-sectional area for flow A. Thus in general the kinetic
energy of a fluid stream KE is given by:
2
2 Q
KE = =g =
v /0( AJ
For the quench fluid, the kinetic energy at the point of injection KEj is based on
the volume flow rate Qq, the injected quench fluid density pg, and the cross-

sectional area of the quench injector(s) Ag:

0,

For the transverse process fluid flow, the kinetic energy KEy is dependent on
radial position because the volume flow rate Qy, the fluid density px, and the

cross-sectional area for flow Ay all vary with radius:

2
_ %
KE, (r) = py (r)( . (r)J



15DEC 2006 -23 Appendix 1: Derivation of First Criterion for Preferred
Quench Injection Location(s) The follow ng derivation |eads to the first
criterion for locating quench injection point(s) in a reactor Wﬂlérnegttzhlg
openi ngs through the collection tray are substantially in the center of the
collection tray. This criterion requires, a relationship between radial
position fromthe reactor center and thé kinetic energy square root ratio
of the quench fluid to the transverse fluid flow, (KEQ KEx)U2. The

nonencl ature refers to_ Figure 2. The kinetic energy of a fluid streamis the
product of Sinse the mftyaélléf#%81tr90t}9fh‘ﬁﬁﬂleﬁéﬂnsf’¢i§ﬁd’r9‘éqsécﬂ”f1§ flove griagregentathe f1 ui d

velocity v is_t quotient, of the fluid vol flowrate and the

cr oss- sect PRSI Tediroie-Soatiof regdERion diArdEs oM e, 0y of a
fluid stre ' Is Dy = = f l: Ui, 1ol i netic
energy at t et%goqem&é%/si%gj@g%a{:653%65’@?635@3 eg;%ﬂ }?’ﬁgﬂig/%lﬁurlr%ﬂ%l %e\tl/\g?[aétﬁe QQ
the inject g fimidriayer dfuhd sawvHaye Qﬂh@uni:richefhﬁdpw-thae@‘eh@mﬂhicarsea of the
quench injector(s) AQ 1 KEQ = PQ QQ | Q For the transverse process
fluid fl owliguide Hisrtbe heightof ghye Kgadilgyerepretheanillestion tegi. dff tiwogudrichn because
the volune flowrate X, the fluid density px, and the_ cross-sectional area
for flow Alugis gﬁ‘érﬁ 1\%At]ﬂ%fl‘?’1§m from the lp@gd(spgt);ge pR the celleqtion tray to the

underside of the catalyst support grid). Therefore:

A, (ry=2mH

The transverse fluid volume flow rate Qx(r) consists of the full quench flow rate
Qq, assumed to be injected at a radius greater than r, plus that fraction of the
process flow Qp which enters the space above the collection tray at a radius
greater than r and flows inward across the radius r to reach the centrally located
openings in the collection tray. Since the process fluid is assumed to enter the
space above the collection tray from the catalyst support grid uniformly at all
points, the fraction of the process flow entering outside the radius r is the total
flow Qp multiplied by the ratio of the cross-sectional area outside the radius r,
A(r), to the total reactor cross-sectional area, Ar. The transverse volume flow
rate Qx(r) 1s then:

04 (=0 +0, 2

T

The density of the transverse fluid flow px(r) is an average of the densities of the
quench and process fluids, pg and pp respectively, weighted according to their

volume flow rates across the radius r:

00y + 0 (Qp 52
Prlr)= A
Qo +(Qp 5




Ax (r) 15 DEC 100b -24 Since the prevailing direction of the transverse
process fluid flowis horizontal and radially inward, the crossrﬁs[ﬁtgtju nal
area for flowat a radius r fromthe reactor center is a circular band of
radius r and height H where His the height of the fluid |ayer of the sane
phase as the quench fluid. (If the quengy fluid is liquid, His the height
of the liquid |layer on the collection tray. If the quench fluid is gas, H
is the height fromthe liquid surface on the collection tray to the

under si de ?‘; the catal yst support grid). Therefore: Ax (r).= 29drH The

t ransver se fTHPE NEMQ n’i‘@‘ﬁ@\&ﬂéﬂyeb todsttnung sty 3rcopfiing h flow
rate QQ be 1.nj - r.adi I ri. I t hat
fraction o?aﬁ‘%g@g%érn%gecglseﬂrgv%ﬁgoﬁf%ﬁ L@%ﬁd aﬁ‘@%ﬁ"égc‘g atlg\%a% e col |l ection
tray at a pRKHn¢Smedt BRER fitsh@Atericor bl th u@n@l?ir@é@tidd‘ﬁoihg?})!ls rto

reach the centrally |ocated openings in the collection tray. nce the
process fluid is assuned to enter the space above the collection tray from

the catal yshbauBas ih@ftirde toreb61nE squationt intoRRE Bk SresdiBR fbF Kﬁ&k%r}iaﬁs:t he
process flow entering outsidethe radius r is the total flow mul tiplied

by the ratio of the cross-sectional area outsidgrt e radius ¢, A(r), to the
h

total reactor cross-sectional @gren) AP,Chhest@aiii{e@se Qokine flow rate
Qx(r) is then: A(Kﬁx(@ﬁﬂxi%lw
px(r) is an average of the d Asi{iks of “ene Pauen

Th:ﬁ‘%’;r‘an verse fluid flow
antl Bro ess fluids, pQ
and pp respectively, weighted according to their volume flow rates across
the radi usThis R6IKksthERaER] AépBndence of KEx to the variation in cross-sectional

{ areas A(r) and Ax(r). The flow rates Qg and Qp, the densities pg and pp, and the

total reactor cross-sectional area Ay are fixed.

The desired ratio for the first criteria is then:

5 Q)
KE, ° A,
KE,(r) 1| p,0, + 0,0, 22( 0, + 0, 22
\ QQ"’QP% Ax(r)

This expression may be simplified by distributing the square root over each

term, combining powers of the common term in the denominator, and dividing

numerator and denominator by QpVpp:



PX (r) - QQ +(QP AA )) ' 1 5 DEC 2006 -25 (A nore rigorous nmethod may be
used to determ ne px by accounting for the volunme change due to m.xi Egzg@r
ot her thernodynam c considerations as an enhancenent to the firs it on
for locating the quench injection point(s)). Substituting the three

f oregoi ng equations into the expressio_nzég_or KEx(r) yields: KEX (r) = pX
(r)~QX (r)~2 - PQYQ +pPQP AAr) QQ +Q AAr AX (r) QQ +QP AT "gX (r) 1.. A
(r: This isolates the radial dependence of KEx to the variation in
cross-sectional areas A(r) and Ax(r). The flow rates QQ and , the
densities pQ and pP, and the total react ®ss-sectional area AT are
fixed. The desired ratiof fggg the first cr P@rAa |s then: P QQ KEQ AQ 2 KEX

(r) PQQ +pPQP n QQ +QP ession may be
sinmplified by distributi e s rm conbi ni ng powers

of the common termin the denom ‘d'II;[gJ—TTU
denom nator by QP4pp: 1 5 DEC 2006 -026 @r KEQ 5&89
9
KE VPo A

g

KE, (r) \/pQQQ +p,0, 20 @Q +0, A(:)

‘[EE&AM

KE, _ Pr Qpr A

KEy (r) \/%QQ+@ \/Qtﬂ
J NN O, A

The total cross-sectional area At of a reactor of radius R is given by:

A, =7R?

The cross-sectional area A(r) outside a radius r from the center 1s a ring-shaped
area given by:

A(r)=m(R*=r?)

Thus the area ratio in the denominator of the Kinetic energy expression is:

Ar) _mRP-r) | (r ’
A, 7R’ R

Therefore the ratio needed for the first criteria may be written:

\j@ 2, \2mRH
KE, pol Cr ) A

KEX(r)_\/pQQQ+1 ( \/QQ +1- ("T
P O R

KE,
KE,

T

or:

= 8(Qy. Q. Pyg:Pp- A, H, R, 1)



() A(r) Ar) KEx r IPQQQ +PPQP AT Q +QP AT QQ +! 2P Aqr) AX (r) KE PQ QQ Ax
(r) QQ KEx (r) + A(r) + A(r) VPQQQ PPQP AT QQ QP AT PQ QQ Ax (rz] KEQ p
Q AQ KEx (r) PQXQ A(r) QQ A(r) PPQP AT Qo AT The total cross-sletbiloidh
area AT of a reactor of radius Ris given by: z AT =rR The
cross-sectional area A(r) outside a radhus r fromthe center is a
ring-shaped area given by: A(r) = 9r(R2 - r2 ) Thus the area ratio in the
denom nator of the kinetic energy expressionis: A(r) - 7[(R - r2) _r z
AT 7rR R Theref.ore the ratio,pneeded.for the first criteria be witten:
PO QO 27cFIKEHEPRN APIReIRINIE Y Reeing thaoriipes of ysagigs ragius Raybencly "

injector cross-sectional area Ag, height of fluid layer of the same phase as the

quench H, quench volume flow rate and density Qq and pg respectively, and

process fluid volume flow rate and density Qp and pp respectively, yielding an

expression for the kinetic energy square root ratio as a function of radius r from

the reactor center only. A desired value of the ratio is then set and the value of r

found which matches the target ratio.



KEQ KEX = g(QQ Qp,PQ Pp,AQH Rr) 1 5 DEC 2006 -27 The criterion is

i npl emented by inserting the values of reactor radius R, quench éﬁ%fﬁ@gr
cross-sectional area AQ height of fluid |ayer of the sane phase‘I 4

guench H, quench volune flow rate and density QQ and pQ respectively, and
process fluid volume flow rate and densi¢y Q@ and pp respectively, yielding
an expression for the kinetic energy square root ratio as a function of
radius r from the reactor center only. A desired value of the ratio is then
set and the value of r found which rratca,es the target ratio. 1 5 DEC 2006
-28 Appendi x 2: Derivation of Secon a for Preferred Quench Injection

Location(s) HagvhRbh QMSREAE At 85t PRAGSed Oukh cQsh EbEASIH@ For

| ocating quen t hr ough
the collection tray are substantially in the center of the collection tray.
This criteria requires a relationship between radial position fromthe
react or ceffhefolowinghden edtion leads teethesotombcrtesial fablecationg qneanbh ni xing to

the total valupe, VM VI, The tota voLume above the collection tray is the
product of IVHIQMLPRINE} b3 reagntt Whers)the pRanines An@uehdhe epleqtion trayragTH

wh he height. H.i:s .i d with.. o the.fluid of th
nhere L Aok L ERRL B I EIESE TS cHIE el L1 S
g r0ss- sect QR bR P BeRvdedtalil Bositid tOhahe CERISr &&fd AtPthe BHER1 M | S g ven

y:
volume available for quench mixing to the total volume, Vy/Vr.

The total volume above the collection tray is the product of the total cross-

sectional area Ay and the height H:
V., =AH |

where the height H is interpreted with respect to the fluid of the same phase as

the quench fluid as in Appendix 1.

In a reactor of circular cross-section having a radius R, the total cross-sectional

area At 1s given by:

Ay = 7R

The volume available for mixing between the reactor wall and quench injection
point(s) located at a distance r from the center is the product of the cross-

sectional area outside the radius r, A(r), and the height H:

V, =A(NH .

The cross-sectional area A(r) outside a radius r from the center is a ring-shaped
area given by:

A(r)=7n(R* -r?)



AT =7R2 The volune avail able for m xing between the reactor wall and quench
injection point(s) located at a distance r fromthe center is t{]ﬁ IE ﬁﬁdﬂ‘:t
of the cross- sectional area outside the radius r, A(r), and the QB

VM = A(r)H . The cross-sectional area A(r) outside a radius r fromthe
center is a ring-shaped area given by:ydA(r)=)r(R2 -r2) 1 5 DEC 2006 -29
The ratio of the volune available for mxing to the total volune is then
given by: VWM _ A(r)H7r(R2 - r2) 1-(r VI ATH 7R- R or: VM— g(R r) VT The

(70 Sy o TR T B RR AGARL i 1A IR

that the volune avail abl e m xi ng be,at .| east 0% of the total avail able
vol unme, VMNT is 0.20 and _abgud edﬁ&m_ou atds that r/R equals 0.894.
Therefore the quench injec on Agtati ong’) shoul drbe ’'located inside a
circle having a radius equal to 89.4% of the reactor radius. [0061] The
foregoi ng eii:scl osure of the preferred enbodi nents of the present invention
has been presented for purposes ofyillustration and description. It is not

i ntended to be exhaustive or to Ilﬁt—tg'iﬁﬁ i)nvwention to the precise forns
T

The radial location corresponding to a desired ratio V/Vr is obtained by solving
the above equation for r/R:

I = [|-*

R v,
Thus, for example, if it is desired that the volume available for mixing be at least
20% of the total available volume, Vy/V11s 0.20 and the above equation dictates

that r/R equals 0.894. Therefore the quench injection location(s) should be

located inside a circle having a radius equal to 89.4% of the reactor radius.

[00611  The foregoing disclosure of the preferred embodiments of the present
invention has been presented for purposes of illustration and description. It is
not intended to be exhaustive or to limit the invention to the precise forms
disclosed. Many variations and modifications of the embodiments described
herein will be apparent to one of ordinary skill in the art in light of the above
disclosure. The scope of the invention is to be defined only by the claims, and

by their equivalents.



di scl osed. Many variations and nodifications of the enbodi ments descri bed
herein will be apparent to one of ordinary skill in the art in If?ht%cmﬁthe
.above disclosure. The scope of the invention is to be defined only by the
clainms, and by their equivalents. 153DEC 2006 30 CLAIMS 1. A mXxing
system for distributing vapor and |iquid across a reactor, conprising: a
reactor vessel defined by a reactor wall; a collection tray for receiving
vapor aﬂm id; at |east one quench injector for introducing quench fluid
into sai ng systemat at |east one |ocation above said collection
tray; and at |east one conduit extending throygh said collection tray into a
mi xi ng dhanbet PIKBE Syaem for fsIbuHBE YIRoR hﬁmﬁiaarqsfr BIR2EIH\FETPESAE ol | ect i on
tray and into said mxing chanber; wherein quench fluid is introduced into
sai d mi xi ng syrehenr vssselaiefined by 2zssctoomall; quench injector at the at |east one
injection location wherein the kinetic energy of the quench fluid at said
at | east one ddjlRetiontay figaédeding sapyr @ad Bguidhan the kinetic energy of the
transverse process fluid flow at said at | east one injection |ocation,
wherein sai d AledsEaid queneh injdcbsrifbPRMrb@citd Qients NGRI 86! A HIGHp §iRin 4the

ki netic energy square root ratio of the quench flow and transSverse process
fluid flableasyddeQokiioniablye sad collectietrayagd of 3 to 150. 2. A nixing system
for distributing vapor and liquid across a reactor, conprising: a reactor -
vessel dEfineﬂl&h}stm&mﬂhﬂbxwﬂdih'gt}ﬁo@gﬁdaﬂtédlﬁ&idﬂ@a&ﬁma&ﬁﬁﬂ%mﬂ@awapor and
| iquid; at |east one quench injector for introducing quench fluid into said
n xi ng Sospemiding the lpwpdtlughBomebays wid spllpplon Bipyandontceseid wixing ay; and

chamber;

wherein quench fluid is introduced into said mixing system by said at least one
quench injector at the at least one injection location wherein the kinetic energy of the
quench fluid at said at least one injection location is greater than the kinetic energy of the

transverse process fluid flow at said at least one injection location,

wherein said at least one injection location 1s selected such that the kinetic energy

square root ratio of the quench flow and transverse process fluid flow, (K_quKEx)”z, isin
the range of 3 to 150.
2, A mixing system for distributing vapor and liquid across a reactor, comprising:

a reactor vessel defined by a reactor wall;
a collection tray for receiving vapor and liquid;

at least one quench injector for introducing quench fluid into said mixing system at

at least one location above said collection tray; and

at least one conduit extending through said collection tray info a mixing chamber
for permitting the flow of fluid from above said collection tray and into said mixing

chamber,

wherein quench fluid is introduced into said mixing system by said at least one

quench injector at the at least one injection location wherein the kinetic energy of the



at | east one conduit extending through said collection tray into a m xing
chanber for permtting the flow of fluid from above said coll ecﬁjiﬁﬁtttfmy
and into said mxing chanber; wherein quench fluid is introduced*into said
m xi ng system by said at |east one qwinch injector at the at |east one
injection location wherein the kinetic energy of the 15 DEC 1006 31 quench
fluid at said at | east one injection location is greater than the kinetic

energy of the_transverse process. fluid flow at sai t | east one.injection
ocat ] or R AT Saiat e cBaSh Sing IPraEs BRao R s KRG AR T A, whi ch
s | ocat@ghUkshReQnui@nBl b B! Rl Uhe iiéhioniS@ibA e center of said
reactor vessel. 3. The m xing systemo cﬂa|n12 wherein said at | east one
injection location is a, point.whch.is outsi.de of i lefiping a
cirole whi ch Lbmen i ShrdyoldaRudticativds L PulfrRisnth Bkh Sudlg oF

col | ect i mikifiyn rafliusAro frdrh SheSoesitee BT §0d reditok wédaelf i ng vapor and |iquid across
a reactor, conprising; a reactor vessel defined by a reactor wall; a

collectign {1 a¥e mbkink RAfn{ bPOaNRR WhePl sdid Bttt ot il EAD 1AGRAICRSD | 1) ect or

for introducing quen rd 1nto sard mxing system at east one
| ocat i onpaihpwhkichas citsidé bEgtadhn defiaing acoidlcavhicle asttainn ell @b sadddicéndmxts endi ng
t hrough said_ collection tray.into a mxing chanber for permtting the flow

of fl ui de¥tpsiinmbeoghsaidrodlsfliadiaYon tray and into said mxing chanber;
wherein quench fluid is introduced into said mxing systemby said at |east
one quefich i Ajeixing systent foe distrifngiag vaporend higeidtacrnss b oeagtaroremprsing: n t he

ki netic energy of the quench fluid at said at | east one injection |ocation
i s greater thapeadtoe vidsabddfinedbeagyacadt vidlle transverse process fluid flow at
said at | east one injection |location, wherein the quench fluid is injected

in a directiopncyfidcesbn sy FiOSVifig VEsr 208 1i5HE;
at least one quench injector for introducing quench fluid into said mixing system at

at least one location above said collection tray; and

at least one conduit extending through said collection tray into a mixing chamber
for permitting the flow of fluid from above said collection tray and into said mixing

chamber;

wherein quench fluid is introduced into said mixing system by said at least one
quench injector at the at least one injection location wherein the kinetic energy of the
quench fluid at said at least one injection location is greater than the kinetic energy of the

transverse process fluid flow 2t said at least one injection location,

wherein the quench fluid is injected in a direction which is opposite that of the

transverse process fluid flow.

S. The mixing system of claim 1, wherein the quench fluid is injected in a direction
which is opposite that of the transverse process fluid flow and wherein said at least one
injection location is at a point which is located outside of a minimum radius, r¢y, from the

center of said reactor vessel.

6. A mixing system for distributing vapor and liquid across a reactor, comprising:



transverse process fluid flow 5. The m xing systemof claim1, wherein the
quench fluid is injected in a direction which is opposite that qgfy BReZUUB
transverse process fluid flow and wherein said at | east one injection

| ocation is at a point which is |ocatgd outside of a m ninumradius, rc,,
fromthe center of said reactor vessel. 6. A mxing systemfor distributing
vapor and liquid across a reactor, conprising: 15 DEC 2006 32 a reactor
vessel defined by a reactor |1; a col)ection tray for receiving vapor and
liquid; at | é‘é@i’m%‘n‘éﬁséﬁi@ﬁgwd;’gjae@%@rw& * introducing quench fluid into said
m xi ng systemat at |east one |ocation above said collection tray; and at

| east one corichgllection EaydfontpcevinpiRosanddiqédil ection tray into a mixing
chanber for permtting the flow of fluid fromabove said collection tray
and i nto sai cht bdaxti orng quehdningsctor idrentroducingenehcl fluiddniosaidihixag systgmiant o sai d
m xi ng (s%?tem b)i said at | east one uench injector at the at |east one

i nj ect | G 9a8iORElBTRURA dPRY S s Ao ller i WY @Adr gy of the quench fluid at said
at least one injection |location is greater than the kinetic energy of the
transverse prabéeastsonelaghduit pxsending thadughaseid asdlsetionriemyi injocemizang ¢ on,

wherein said at. | east on ch _{njectjon |location J.s at. oint in which
t he rat ifgr B?’m&%'aéﬁﬁ%h?ﬁ%??ﬁgl ?Iﬁﬁbo{eosafdo(fqg*e“ a‘m%“d\}mﬁlda@@“e%\ the range
fromO0. QRakBeQ. 45. 7. The mi xing systemof claim6, wherein said at |east

one quench injection location is |ocated inside of a maxi numradius, rcz,

fromthe Centﬁﬁe&&écqr%@ﬁ&x i85 ﬁﬁoaﬁ&ggﬂﬁg sﬁd.rﬁxmg@g&?gﬁﬁmtfl%t eStributing

vapor and |i qui 0SS ‘a reactor, rising: or vessel defined by

a react afuenetl injectoraptieat ldasoderimygcticr lotation whengn Waddnetinghelgyqiditte at | east

one quench injector for introducing quench fluid into _said m xi ng system at
quench fluid at said at least one injection location is greater than the kinetic energy of the

transverse process fluid flow at said at least one injection location,

wherein said at least one quench injection location is at a point in which the ratio of

quench mixing volume to total volume, Vyy/V'r is in the range from 0.03 to 0.45.

7. The mixing system of claim 6, wherein said at least one quench injection location is

located inside of a maximum radius, re;, from the center of said reactor vessel.

8. A mixing system for distributing vapor and liquid across a reactor, comprising:
a reactor vessel defined by a reactor wall;
a collection tray for receiving vapor and liquid,

at least one quench injector for introducing quench fluid into said mixing system at

at least one location above said collection tray; and

at least one conduit extending through said collection tray inte a mixing chamber
for permitting the flow of fluid from above said collection tray and into said mixing

chamber;

wherein quench fluid is introduced into said mixing system by said at least one

quench injector at the at least one injection location wherein the kinetic energy of the



at | east one |location above said collection tray; and at |east on? gﬁﬂﬁ@%t
extendi ng through said collection tray into a m xing chanber for é 1 T4 ng
. the flow of fluid from above said collection tray and into said m xi ng
chanmber; wherein quench fluid is intr88uced into said mxing systemby said
at | east one quench injector at the at |east one injection |ocation wherein
the kinetic energy of the 1 5 DEC 2006 33 quench fluid at said at | east one

020 SRR G o RTbE 800 5001 B SR BT Bl bS5 .,

| east om@nteRGitotdd} Qald H6Ww D 4tQBast Snddnfdition Pocatidiy bet ween 20% and 90% of
the radius of said reactor vessel, wherein the quench fluid is injected in a

d rect!on whisplbrdi <8RR BakiordeRAEnHinfelfon IEARSYE WAL BERRuLdediZo] | OV -

The m xi ng systemo arm erein sald at least one quench 1 njection
| ocat i orand ©@0psfi the sadmgdfisanml redogtorofesggliench i nj ection | ocations. 10. A mi xing
system for distributing vapor and |iquid across a reactor, conprising: a

react or vess%@aﬁ&ﬁbegiéwhﬂurﬁggﬁj&&c&ﬁ!ddire@tis:wmtig Jsit8¥hat 8f the€cei vi ng.
vapor and liquid; at [east one quench injector for introducing quench fluid

i nt o saitchnswersayossss flaid How. at | east one | ocation above said collection
tray; and at | east one conduit extending through said collection tray into a

m xi ng ghanbeThe thigingd@/stent of dgint Herhtletveadd aiflbast ond queatiahgation dddtiew! | ection
tray and into said mxing chanber; wherein quench fluid is introduced into
sai d ni ¥PHPISSsa Biralyy shaeensk mjechion lesdionsguench i njector at the at |east one
injection |ocation wherein the kinetic energy of the quench fluid at said
at | eastlOone A myigogisystemndondistibuiing varonted ligkdactokes fdanteticompneingy of t he

a reactor vessel defined by a reactor wall;
a collection tray for receiving vapor and liquid;

at least one quench injector for introducing quench fluid into said mixing system at

at least one location above said collection tray; and

at least one conduit extending through said collection tray into a mixing chamber
for permitting the flow of fluid from above said collection tray and into said mixing
chamber;

wherein quench fluid is introduced into said mixing system by said at least one
quench injector at the at least one injection location wherein the kinetic energy of the
quench fluid at said at least one injection location is greater than the kinetic energy of the

transverse process fluid flow at said at least one injection location,

wherein said mixing system further comprises at least one vertical baffle located

above said collection tray.

11.  The mixing system of claim 10, wherein said vertical baffle is a spiral baffle and
wherein said at [east one quench injection location is at a point which is determined by an

angular coordinate boundary, 6.



transverse process fluid flow at said at | east one injection |ocation,
wherein said m xing systemfurther conprises at | east one verti cil‘;irﬂl%%{[]ﬁﬁe

| ocated above said collection tray. 11. The m xing system of cl ai )
wherein said vertical baffle is a spirgal baffle and wherein said at |east
one quench injection location is at a point which is determ ned by an

angul ar coordi nate boundary, 0. 1 5 DEC 2006 34 12. The m xi ng system of
claim 11, wherein the quench fluid is injected in a direction which is
opposi t el hat Tt mixiag syssem obelsian pi.ovlesseinthaqueneh Bwid iy Byechsdang ditegtionsy st em of
claim1, Lein sai t st _.one guench ..,y ector conprises a piping tee.
14. The %ﬁhﬁowéﬁ%ﬁ}ag?f%giaﬂﬁvi{se &8 ulggilo ‘at | east one quench injector
conprises, a hranched pipe gi stributor. 15. A mixing systemfor distributing
vapor antf:| i qERQIMAXIPG S¥siem pheletml, WoeRinrsal 4) frast ope FIEGE SBMPR¥Fi ned by
a reactoz[piweéntgﬁa collection tray for receiving vapor and |liquid; and at

| east one injector for introducing quench fluid into said m xing
system a lpcat.i.on_above id.collection . tray. wherein.quench f.luidis
Theroduckly §nrBE BHAR sPIRHG: EUE A PhorRE e n R P MR E et or *a
| east Or@bﬂaﬂkl%gﬂipadismtdrpn wherein said at |east one injection location is
at a point which is located outside of a mninumradius, rc,, fromthe

center sai : DSl f E{;ﬁgg ' c2 . fromthe
center gs‘sai%l{r:dgglg%%Stc\rlﬁégozgﬁb%glgé’?ﬁ&%ﬁg%&ﬂgnc ??E‘ig%h?gé#%r[esc od in a
direction which i s opposit at of the. transverse process fluid flow,
wher ei n sai d H%Cfﬂﬁmg%ﬁgﬁai@f’&BX?,rearcéord‘éqq’ved such that the kinetic energy

square root ratjo of quench flow and transverse process fluid flow,
(KEQ KEx) "2, #golgation fray fergaepaving vapor and liquid; and

at least one quench injector for introducing quench fluid into said mixing system at

a Jocation above said collection tray;

wherein quench fluid is introduced into said mixing system by said at least one
quench injector at least one injection location wherein said at least one injection location is
at a point which 1s located outside of a minimum radius, rc1, from the center of said reactor

vessel and inside of a maximum radius re; from the center of said reactor vessel,

wherein the quench fluid 1s injected in a direction which is opposite that of the

transverse process fluid flow,

wherein sald minimum radius, r¢;, is derived such that the kinetic energy square
root ratio of quench flow and transverse process fluid flow, (KEo/KEx)"?, is within a range
from 3 to 150.

16. A mixing system for distributing vapor and liquid across a reactor, comprising:
a reactor vessel defined by a reactor wall;
a collection tray for receiving vapor and liquid; and

at least one quench injector for introducing quench fluid into said mixing system at

a location above said collection tray;



from3 to 150. 16. A mxing systemfor distributing vapor and liquid across
a reactor, conprising: a reactor vessel defined by a reactor wall; a
collection tray for receiving vapor and liquid; and at |east one q§d&h¢Hi0b
injector for introducing quench fluid into said m xing systemat a |ocation
above said collection tray; 1 5 DEC 2866 35 wherein quench fluid is
introduced into said m xing systemby said at | east one quench injector at

| east one injection |ocation wherein said at |east one injection |ocation is
at a point which .is |located. outside, of a.yinipumradius,.rdl., fromthe
center of sai‘?ﬂher"%‘&&‘lﬁ?‘g‘ 15}@&%@3%6%@@@%%@&%%# LISt from the
center | o: V. ; i ‘ bl idiSetiaf] ed:in a

i et | oo o o D S G o] O B 8 o

wher ei n B aipdinrebichinlsadidumiside@d a mmidiam radids, suc frotththt ctiter ofxaidareadtor

avai |l abl e quench _m xing volume to total volunme VMNT is within a range from
0. 03 and’essehand inside of a maximum radius re; from the center of said reactor vessel,

wherein the quench fluid is injected in a direction which is opposite that of the

transverse process fluid flow,

wherein said maximum radius, rc,, is derived such that the ratio of available quench

mixing volume to total volume Vy/Vr is within a range from 0.03 and 0.45.





