4 MULTI PHASE M XI NG DEVI CE W TH | MPROVED QUENCH | NJECTI ON FI ELD OF THE

« | NVENTI ON [ 0001] The present invention relates generally to systens for

m Xi ng process gases and liquids and nore specifically to interbed quench
ang m xi ng systens involving cocurrent downfl ow reactors using fixed

i hamdwar e. BACKGROUND OF THE | NVENTI ON [ 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 typical

downward flow reactor has a cylindrical outer wall wth a catalyst bed
posi ti oned v fipE ALY MPANG DEVICEORI RHIPREV BESUEN S H AEETRING
catal yst support grid posrtroned norrzontatty w thrir tie reactor and
spanni ng the conpl ete dianeter of the reactor. The catal yst support grid,
together with the outer wall, cooperate to retain the catal yst or other

parti cul at4ELReOE THE IN\VBNJddON A di stribution tray is positioned

hori zontally within the reactor at a |l ocation above the catal yst bed for
evenly distributing process fluids onto the catalyst. The catal yst support
grid, out §00¢actBhe pedseneindentien ilstes igbneratlyao systaynsdef miringhsrovedsune of
the catal yst bed. [0003] Multiple bed reactors are commonly used. They are
formed by gagsanddiqids aad sroraspecifigally eatrierped queneh epd caiding Bstemhe

| ongi t udi nal laxi s of thg reﬁctor. The r.egi on ng@een successi ve catal yst
beds def i HEPINRE SOCUPEBHAOWRIIPHFEIEIFES URE AXedMaLd¥ 8- havi ng nore t han one
catal yst bed is used, reactant fluids are introduced into the reactor
above the_upher t reactant. fluids, which typically
consi st o*.B %Méyﬁ@tﬂégﬁq’%ﬁ@g flow through the uppernost

catal yst bed. 2 [0004] From the uppernost catalyst bed, unreacted reactant
fluids anﬁ)(}(ﬁ? 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.



related fluid products derived frominteraction with the catalyst enter the
I nt-erbed m xi ng zone. The interbed m xing zone typically includes a m xing
chanber. This interbed m xing zone including a m xing chanber serves
sevweral purposes. First, the interbed m xing zone serves as a conveni ent
pl ace through which additional reactants and/or tenperature quenching
materials can be introduced into the Tfuid products. In the reactor units
descri bed above, heat is released as a result of the reactions between gas
and liquid conponents occurring on the catalyst(s), causing tenperature to
i ncrease Vi0P0d1di sFaemdhe oppermoss cotadyst bednamrgaciad asactantdiluidy dnddglen- ri ch gas
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are exotherm c and tenperature control 1s a critical processing an safety
el enent, murposesofFitshehé intecbegr miking zoné séives aha conxemgncplaoddiroagh be
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product s. Wogbsiditipnal rractanis end/er saperairaguenchjngmeaienalssanthe process gas
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mani fests itself in two ways. First, the quench zone fails to erase

| at eral t éhpbedt Im enadiyfdases moebhpdroghr-rimht gastis aftredeedeesesh thg teeld or, in
the worst cases, anplifies them An effective quench zone should be able
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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 1s 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



exceed 5F at the followi ng bed inlet. The second sign of poor perfornmance
"is-that inlet tenperature differences follow ng the quench zone increase
as the rate of quench gas is raised. This indicates inadequate m xi ng of
cogler gas with the hot process fluids. [0007] Poor quench zone
performance limts reactor operation in various ways. Wen interbed m xing
Is unable to erase tenperature differénces, these persist or grow as the
process fluids nove down the reactor. Hot spots in any bed lead to rapid
deactivation of the catalyst in that region which shortens the total

react or cygyteed Figatthe Followitg be mdeti Vittd sezond eignygfi madriperfororaace &t hi gher

t enperat ures;. hot regions can cause color, viscosity and other qualities to
be of f - sRiiRket inmpgratuse differepcesfoliosvipstbe apenchrzongyngrsnsr asthedates a
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vessel , Ohogﬁw&ﬁﬁﬁf&s. equi prent. Cogni zant of these hazards, refiners

operating wth poor I1nternal hardware nmust sacrifice yield or throughput
to avoid these tenperature limta- tions. Wth present day refinery
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debot t | enealys. WhOBInt@bedimixing aninadpasérasd tdigerates differghdds)thedf i ci ency
of a quench zone is the abilitéapf the systemto rrixhﬂuench fluids with
process f persiss or piew asdbe peodess tlaidsovapodenn the reastorc tHai sgatgyineddy ci ency i's
t he net hodol t hou whi ch quench fluid is introduced into the system
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fluids is created by sloftted entrances- Quench fluid is introduced through
an 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 is 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



-4 annul ar ring located substantially in the center of the vessel. The ring
"isfitted with nozzles to direct quench fluid outward al ong radi al paths.
Anot her device, disclosed in U S Patent No. 5,462,719, creates a
rot-ational flowwithin a mxing box but without significant |iquid holdup
in the m xing volunme. The quench fluid in this design is introduced
through a single vertical inlet at the Vessel center posi tioned such that
the entering quench inpacts a horizontal deflector forcing the quench
fluid radially outward. [0010] O her patents which include descriptions of
quench i ntaﬂmd{mmrtglloca@dmﬂibqlaaﬁa]lylm thiecdts. offthe emsseNoThe riR5is Fitked I n this
patent, a sw evice. i used§fo m X gg; and several guide channels are

|
used to m‘%% irnaa% Sﬁéatﬁ:% queesB diwd qytwardralene sadiplnaths t Anpther dgviceay

| ocat ed bej; : I [ nd the final digtributor tray. Quench
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whi ch an dhndlinthigidesigg it intugduded themghtosiaglel weticalridlerakthel vegséld on the
collection tray. Gas mxing and further liquid mxing are acconplished in
a cent r al |opniespesurpngilsualy thydsthe antghinglqueneh impads afhaswontal slefleplioral  pat h

towards a central openi d,n the collecfion tray. Quench is introduced

wi thin thefgfqlﬂ%?]@ %ﬁ%&b%ﬂa&@'ﬁﬁymtw -all'y outward oriented nozzles

| ocated in the annular m xing trough. [0011] Wile the above nentioned

syst ens oVvi significgnt inprove- nents i rogess flui.d m xing
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t he vessel, and al so introduce quench in the space above the center
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 is

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
quench mixing efficiency. For example, the ‘367 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 is injected into a region of the



of the tray. As a result, in these designs, quench is injected into a
“region of the vessel where very high transverse velocities are antici pated.
As will be discussed below with respect to the present invention, this
configuration results in relatively less efficient quench gas m xing.
[0012] The " 145 patent also forces flow through a central opening in the
collection tray, but |ocates the quench’ injection neans substantially near
the wall of the vessel with multiple nozzles directing quench radially
inward. In this design, quench may be suitably | ocated in | owvelocity
regi on as vessélsvidrelvethhighpraseatse velentieoare dnvieeyated. Alsevdiulench f1l ui d does
not enter the vessel flowng counter to the transverse velocity of the
process f|difensserdibelpy witbiiespred o Hwtpregand npyentiany iy coafige@tionigsyisocess

d h flui.d I n thi ' it is. al bel i dth h h
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two | ocations on e tray separ 80 degr ees. I eved that at
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region beneficial to mxing efficiency. Further, the quench injectors in
t hi s syst elestfim, guendh miay beastiitably/locaigdvindaw-yaepentigion as ittie witether ansver se
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m ni m zing pressure drop as well as space and vol une requirenents.
However , thedieséd iheitehe guericht locstice miayebd located1oo iclaselyoto 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
effictency. Further, the quench 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



t he degree of phase segregation achieved at the interbed inlet and thus may
“not- 6 performas desired under all conditions and with respect to
particul ar reactant characteristics. [0015] The above and ot her known

m xi ng systems generally suffer fromthe fact that there is insufficient
"space within the m xing chanber to pronpte intense two-phase m xing. This
limts the capability of these systens t0 honobgenize quench fluid with
process fluids and to erase tenperature differences between fluids from
different sections of the reactor. Accordingly, there is a continued need
to provi dpemotimas dssinedrmmndehall conditisms aindtveitls eespaot fohasBculiar reagtand
preferred system al so should provide sufficient volunme for the vapor phase
to mx sé%@F%¥QT¥“¥ron1the | i qui d phase. Even while satisfying the above
criteria, it 1is preferable that the designated m xing system m ni m zes the
pressure W Lthin the reactor as well as permtting relatively easy
retrofit \C/u)&%]exi @Br-'ﬁaov‘? B¢ pHier Kpamnamixgg sy stamst generbn sl ffesdremthe
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and procesmehthitlisd withhprocessribisids and vesask tempeaandidiffetencthbetwarahi ngs of
the present invention, one or nore quench injection nmeans are selected to
satisfy tHhuads fiom differenl sesipns atithe tgaetior.y Ascordinglyo thsireig 4 epntidiadst |

quench is in ocess fluids are at.a el atively
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poi nt's angnixerplvately 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 morc
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 orn
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



7 confining surfaces such as the reactor wall. Third, quench is injected in
“a direction which is opposite and against the prevailing flow of the
process fluids. [0018] According to the teachings of the present invention,
a mxing system is described with such m xing systemconprising a
“horizontal collection tray, a mxing chanber positioned bel ow the
collection tray, and at |east one passa@e- way extending through the
collection tray into the m xing chanber. The m xing chanber and the
collection tray define a two-phase m xing volune. The passageway conducts
fluid fromcatiming sheaces duehtas ahe teaayori wald. Thedrijuemd is Gheotedrin aThe mi xi ng
chanber preferably includes at |east one outlet oEeni ng for the downward
passage ofdif¢tion Wirch 1§ ppetiteandbagainstdhe porvaibng flows off e progessifliidhe

m xi ng chanber as described in applicant's co-pending application entitled
"I nproved Multiphase M xing Device with Baffles" (Application Serial

Nurber 1018818)123 Aqcordiggda thateashings ®f txpEsentEnver1os Aamixing systamwl enent ed
i n accordance wth tﬂﬁ m xi ng.system described herein so as to obtain the
benef i ts dodirrial WAREHSD iR ySKpi OB HhE 2 fiSpEaRahColesat Y. &
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| npr ovenmenk sy ertefidkigntireddh ticaittiéclos taRtigio e mixingdakirmbet. aThe fixingg of
guench fluid is significantly inproved when quench is introduced into a
regi on aboshemheranddhe eclleaion ray defive attwoeph@asy miaing edlumel. JEhe i es of t he

process fluids are | o (Li), sufficient voJune is available for the quench
fluid to rR3SIIVRNR q’fénv‘\ﬁb‘rcbgcfg’é’él f?@qnbﬁb@gp tﬁ%ao §GHoN LR theWeiNEon occur s
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reactor Cofol e dowh@Whd pRssab@o8 fRRE! TR introduction of one or more baffles

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

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

Number 10/341,123, filed on January 13, 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 iow,
(i1) sufficient volume is available for the quench fluid to mix with the process
fluids, and (ii1) 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;



-8 [00211 FIG 2(a) is an oblique view of the volune above the collection
“tray extending outward to the wall of the reactor colum wth such view
illustrating the dinensions used to determ ne optimal placenment of quench
i nj-ection points according to the teachings of the present invention;
"[0022] FIG 2(b) is a plan view of the_gpgion interior to the reactor
columm wth such viewillustrating the dinensions used to determ ne

opti mal placenent of quench injection points according to the teachi ngs of
t he present invention; [0023] FIG 3(a) is an oblique view of the vol une

above the collection tray extending outward to the wall of the reactor
col um wi tiA0Zch FlGwlia) ivar phliqugyvicthel diensdsmerboys sl collerstoartrdne

opti mal placenegnt of n i nj.ection i nt accor di to the teachings of
the pr eserﬁxgqr{ﬁ%f’}lw&\%ﬁﬁﬁ%wgﬂi ‘?Cftad"e ‘é&?‘i’recqﬁgmﬂr‘ggéﬁP&géﬂfﬁ‘(/élﬂlsﬁémBSI | ection
tray; [00 : ' i ' L er kol . react or
col grm- wi Tk AnEasichsecdtoReRAink GBnE pladgiciE o A ichh i,

opti mal plaacememnt to tie teahiags bNiheqireht PPiatitidnaccording to the teachi ngs of
the present invention when a spiral baffle is present; [0025] FIG 4(a) is
an oblique view of the volune above the collection tray extending outward
to the wallP02®] t hElGedd oy a panuvigwwl the segiemingiorto ths reationgolurhe

di mensi ons used .to. de'rruerm' ne (t)]{)ti_nal | acement of quench.injection points

accor di ng ¥ Byl YigxcHiusyatipg %@Hﬁ)‘?{@ use je fefesmingeptina B@SF@CE‘ iral
baffle is . u%ﬁ&ﬂnjé‘&f&? Sigs £ AL ﬂ?é {c@¥hink Q3¢ Ble 5%%nt%&pénﬁcﬁl;a plan
&gl erforo't ctorgoram. "W eH SUch Vi ew

vi ew of thé on-rn or to e Fea
illustrating the dinmensions used to determ ne optinmal placenent of quench

i njection[peats BRGOB@) idar Obife: ViRACH theSrddime RBoPE Bxefd]ldcivantdyon  when
a double spiral baffle is present above the collection tray; -9
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 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;

[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;



[0027] FIG 5(a) is a plan view of the m xing systemof the present

“invention illustrating the location of the quench injector in a first
enbodi ment of the present invention; [0028] FIG 5(b) is an elevation view
of -the m xing systemof the present invention illustrating the |ocation of

“the quench injector in a first enbodi nPdn of the present invention; [0029]
FIG 6(a) is a plan view of the m xing system of the present invention

illustrating the |l ocation of the quench injector in a second enbodi nent of

the present invention; [0030] FIG 6(b) is an elevation view of the m xing

systemof the present invention illustrating the [ocation of the quench

i nj ector P02 1secbHa Habtsda piamt viewfofithe mixingesistemoé the presefiODSeRtic G 7( a)

is a plan.yiew of the m xin stem.of .the present invention_ .illustrating

the | ocat FRSEHINE fBe JoGAHR G 1E GPERCH HiSF PR & ETHSSHRaMEnEP thee  pr esent

i nvention; FIG 7(b) is an elevation view of the m xing system

of the pr’epgg%gt hﬂ%\?}élﬁ{ll on illustrating the |ocation of the quench injector

in a third enbodi mrent of the present invention. DETAI LED DESCRI PTI ON OF

THE | NVENT6628][ OOBR}. Fby it gn dlevhow vidw of iledhiihedyéerof tepredeapr ocessi ng

reactor colum in accordance with the present invention. The general

conf i gur atinenteh illustragrgdedocatiorcohtherquconklinjeator an @ fitet embediguesit ofis t he

supports for the grids.and distributor plates which are not shown for

pur poses &€ PTESEREMVERIRN: eactor  columm 15 is formed as a general ly

cylindrical chanber having an outer wall 16. - 10 A reactor inlet 17 and a
t 18 i . i ; : . i ds f
{ho.r onct S04, oG ESEL R PEY i dTh Rl B of MEBASER MOhddf o Trom

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) is 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 cuter wall 16.



conprises one or nore catalyst beds 20 positioned along the |ongitudinal
“axi-s of the reactor colum 15. Each of the catal yst beds 20 contains
catal yst material 21 which is preferably supported bel ow by a catal yst
support grid 22. The catalyst support grid 22, together with the outer
“wal |l 16, provides direct support for [Q@_ catal yst material 21.
Alternatively, the catal yst support grid 22 nmay provide indirect support
for the catalyst 21 by retaining one or nore |layers of a larger supporting
solid or solids which in turn support the catalyst 21. A distribution tray
23, for fatrtacterinigy ldvand alresciarinuiieohs are prasiided frantrodeciogtaatlyst 21, is

D R SR RO 5 B B 2ot e 2 i, SuPPO”
porone. Wfhes AR B RALIL S b AT 504 B b MLASAP RS 1 o,

are suffi ghepdaclorsvdimns3. aBadhCofithe \atilyst hRls 08lcahiihs dtalysPMaRad 219
through. Further, it will be appreciated that the openings in the

di st ri but ivdnch ispref@ablyasuppaniedHebow denvd caslyshsugpomegridh@?2. Jdeamitalystd with
the openings in the distrjbution trays 23, should be sized and spaced such
that fIui QEPPRISEEIZ tegather withdhe pifesyralbho.tarayides direst spporbiaryhe f or ced

v ough. oSS B YLy Sartst st Thé Lt Rt B el 2 ok BefERE . Tty
beds def | fdikdt RuPSSk TorhlSaAMICA by RbainfLOREH: Mot MlcF 08P 1Jrg§§t hon, in

part, to provide onbgeneous”® m xture o eactants t e cat st beds

20. Addi t isoppdriting sohid drisotidbehich ii fign sa thiy @athlget 21 candigmritritionposi tion
for introduci ng quench fluids and/or supplenmental reactants into reactor
col unm 15 trax 3% dogfaciliatingbven distnibutidroonflinds Rivgu the datglyst 2l .rs préfeee

ed m xi. will b eci,at ed by

Chose” ski PRBGPIOYISHEAHVE hRSIafYos TRAUGRAGYL | e sialyst SRREnEaricy b o0fic

present | WG?HEE%EWUM?E%%Eg nf¥shb& 37 péﬁgﬁté&]ﬁgﬁions 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 interbed 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



catal yst beds and nore or less than two interbed m xing zones. [0035] A
"m xi ng systemis positioned within at |east one of the interbed m xing
zones. The m xi ng system conprises a collection tray 26 whi ch extends
general |y perpendicular to a |ongitudinal axis of reactor colum 15.
“Collection tray 26 spans substantlallﬁlacross the entire dianeter of
reactor columm 15 so as to divide the interbed m xing zone into an upper
and a |lower region. Accordingly, coIIectlon tray 26 collects fluids
passi ng through the catalyst bed 20 which is positioned above coll ection
tray 26. [meﬁi]angnw&r therpresqyu degysivaymayp Gontagn prave odéessitharcdirkect i on tray

26 to Vi I ommuni cati gn between the upper and | ower regions of
t he mter%‘é‘g %ﬂ%@@dﬂ@e%@ﬁ@?ﬁdw interhed RUXMGAMDGE 29 pernit vapor

and/or liquid phases col | ected above the col I ection tray 26 to flow
downwar dl y | ower region of the i ed mxi zone. In the
enbodi ment[oéﬂ% r‘%%ﬁngc,sé’ﬁ ﬁ Rﬂ'f’“t‘?'z‘f;l ‘Zﬁﬂ P?%é’éleﬂ%g he, jueEsEway s 29
formed as gpi

within the co*lé %-%{I onﬁt?‘ggl)}glfg SS&%P? Jtnllﬁe@%sﬁ UI 1&@@}19{?33?%?%&89%%@8?

openi ng 3Genefalli pepbhdigulal b dIohSINRHAN @@@afflﬁct&(?;omﬁnassm'r&u%ndwt 32
I's fornmed beneath opening 30 for directing fluids that have passed through
openi ng 30raynaf sparsmubpentialjy 30rosk thaventire dianvetee of réwctorqyiomm H sslaby t hose

of skill in the art that other designs may be utilized. For exanple, the
passagewayd dreide dheprehed dﬂ@ﬁ#ﬂ&ﬁ@%lmgﬂéélmgéﬂ%gI@Wﬁbtﬁﬂpn col | ection tray

26. [0037] , M h bel oIl t

recel[ve ]Afﬁo)élgln qc%r%ﬁégngﬁymﬁkﬁbs@e e§§§v§ PHE on B’&Yh‘é‘ﬁt shown

in Figure 201“’8 éﬁqsrﬁﬁhi&ep%m%oﬁ&gm ?gfzg cylindrical vval | 36 attached
Ing “generally perpendi cul a

to, and exten away froma | ower surface of
collection tray 26. Mxing chanber 35 further conprises floor 37,

ext endi ng [ge3A" al DhcRhéRPALAYe i dRMY arkdrovided 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
I, 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



cylindrical wall 36 upon which fluid can collect. Wir 40 is positioned
“generally peripherally at the end of floor 37 as a retaining wall
extendi ng perpendicularly and upwardly fromfloor 37 of m xing chanber 35.
Fl wi ds nmust therefore flow over weir 40 prior to exiting m xing chanber
*35. Accordingly, weir 40 functions t015etain fluid on the floor 37 of

m xi ng chanber 35 until the level of fl*uid on floor 37 is about the sane
as, or higher than the height of weir 40. [0038] Flash pan 44 is optionally
positioned within the interbed m xing zone bel ow m xi ng chanber 35. Fl ash
pan 44 congilinsksisabwialloifr upent which Buil canreplleat. | Weex4@ idposjtisndsb gareraldy | v

vertically upward aboyt the rineter of the flgor. Flash pan 44 also

opti onal | yp%%ﬁﬂbé@t 'gséﬁaﬁggfwr%p@taamlﬁglgpwa sxtendinghpespendigudart hr ough
the fl oor 44, 4 vided to recejxe fluids
as they ar%{dd'{'é‘g%@rlg@gm ﬁ8&rgg%?ﬁ§§@$a§%@§$s 815 @édst B '\/@ﬁ{e\?méﬁ fg?m but e
the flui dsowfaieit B0 pridr ke eRitkig SiahE cRYnbeN38 T Aecd/lingRO3RY: 4@ addi ti on,
one or nore quench feed Iines 46 extfend through the I"”I' 16 of reactor

col um 15 funttomn® @etaindhead guehe filoon 38 of anixifbchirmbér33 batil thedevsd df m xi ng
zones. Injectors 55 enable a fluid or a gas to be injected into one or nore

of the intiduidean Hoes fifiszahas thagame ps.fasddgheriban s heigheolwewdtOer t hr ough

the top or bottom head of reactor columm 15 and pass through catal yst beds
20 and distribution trays 23 to arrive at an injector 55 within the

i nter bed ni03%ly z&ush pamoHd wxantismallyipestiongd vophin dbe sntathedaabiibg ZoRg dr ogen
be injected bot h h, f1 ui d tant. | | th
quench 11 oRpigee SheaBer B Pl patsf PipdiurelBeryil apidnfival
e | : ' cam OF JdS o
b oo oapranl SAoRsRIEry Gty Bplsn fbdyithe pREILTY B, Flpauene

connect i orpai 4hakbeppoaskntompyeed bpehingd & upstaddihp ipesstovnvay frfid| e 42
wi thin m xi ng chanber 35. As described in applicant's co-pendl ng patent

appl i cat i ahreugh thedtbor|offlashganM4l. tFlpstapan #4 majgbopravided (o relgeBaf f | es, "
lch is hf%i%?%s It}?ecyogrg%gc%%?ge%yfrgg r%ﬁ:ﬁﬂg %hal‘%%]élt 5? sg 2as ftg %I\/tlarlxltyac}isetls'ibh{]ee

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
quench 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



-13 mixing of fluids within mxing chanber 35. In Figure 1, baffle 42

" extends perpendicularly and downwardly fromthe bottomof collection tray
26. [0041] According to the specific teachings of the present invention,
quench fluid mxing is significantly inproved by selecting one or nore
“quench injection points such that (i) ,the acconpanying |lateral velocities
of process fluids in the region are ow, (ii) sufficient volune is
avai l abl e for the quench fluid to mix wth the process fluids, and (iii)
the quench is introduced with a velocity which is principally opposed to
t hat of t hpixpngotfluids within mansgehsmberBdciln FigBy 1, baffile 42 gktemdsher e

process fluids pass .thrqugh the collectiqn tray 26, and by _exam ning the
baths. ¢ hatespachcularly gnddynwarlatroph iy basios € Rolsioneny s i n

collection tray 26, the best location for the associated injector(s) 55 can
be detern I n accordance with the teachipgs herein. In nost existing
downf | ow 'ﬂ)@ﬁjmrécc n%b%ﬁ}en@gqftw eachiags PhEs RIRSHHAY VIO QUakClor near

t he center : Mt oediPe e i | &i- war d
{he cent el A5k Miahfeabth BB ARG RIBR R & HPR oL ARBI ST 2
or above GRIMEGLLR thdt(AYhe Gcémpdrthing McRPeBIJRYfes dF frobéRFdiaf it fRY 26.
Further, if the space above the colléection tray 26 is nostly enpty vol une
free of obsgioncre dons, (it)safficient Yolomepataailablelfopthecpench dluie s mixt owar d t he
openings. In cases where baffles are present on the collection tray 26 on

t he upper Wit thecprosesscidnidscandsin theyquesch dhintradaged aeifsa welacitypybiebed
toward the openings by a re | ndirect route.defined by, the ffles. [0042]
bependi ng 1t ERCRALY oPPREcd Rt Bal 8 etiaer S g dRns T ise Moot ng o the
first and;uhicd: 61 ' t Seftoil td : | Snifect ed where
t he procéggitgf?b%ghg{éeﬁﬁogéﬁe@@ﬁgbgt a ?W%Idgﬂa Sté&?/gagggt 311%” such t hat
t he quenchRxamining the pachsithaprdcésdluids trappbss they bbptoach théiepptiageds f 1 uid

flow. In general, this dictates that quench be injected nearer to the wall
16 of reacobection tay 2onthenbesblaoation fdr theaassoriatcHdneetar(s)ix5 ¢an bt so
pref er abl %e?e%rﬁﬁgcii iy aéc%r&s?n%eswsﬁl? rt]t(lje t%raé:}tu%rglc. Berein. 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



of the present invention to ensure adequate m xi ng space between the
“inj-ection -14 point(s) and the reactor wall 16 in order to maxinm ze m xi ng
efficiency. The process for determining the appropriate injection point(s)
to-neet the aforesaid three criteria and systens resulting from such
determnation is discussed herein in ﬁigtai | in the follow ng description.
[ 0043] In one enbodi nent of the present invention, the methodol ogy for

| ocating quench injectors is based upon the use of interbed designs with
openi ngs through the collection tray 26 that are substantially in the
center of PoHu(s)@ad the re¢aston wall 196n orden tei maxismies misueg ¢ffigidnyeEhieon point's
such that | at er?I ([l)rocess fluid vel.oci.tjes are,| &\9/ and m Xxi nrg)ﬁé/ol_ une i s
maxi ni zed PEPCSS QI CTmng, e aNRIORIAEINIGHHPR RAIMIE )P imaeh thindloreseE quench

fluid i TR . : e . »
[ ted  ge SHEY andb SR G rerulith clol S0 ket bicdfion L BUENSEn JUBERS T e ¥
center anqlnHBQi]tngﬁ@if@]m{@yd@bﬁﬁﬁQﬁ applied to applications in which

openi ngs 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 qemnth iR 66 &hbodimét ofeRE pRAEAL iBivehtibOWhE MRERSS1bL 1if6k
vel ocities are next discussed. The | ow vel ocity region of the headspace

above colld@tingauenchynj2zétocars bsedapondke ase ofhmterbgd dasighemétit he ki netic
energy square root ratjio of the quench flow and transverse process fluid
flowis greaRidgsthraygh the coligction way &6 thatigee prbstantiadly indhe serter of theng t o

dosi gn sarRroe L Fay 26 RRRS call e iniot emRarts RGRE Bl e repResBt | e
the quenchH SaFARSAIBlo a0 inthe Y0RK RbpRmieBF R ERITpimag L0, 0
radi us i nauéasabxihfumsading evithiy wHiKiE@idGuonchXaidfis ptePeralby ij&tedp, AQ H,
RN This invention 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]  Tumning 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 is given by:

(KE/KEx)'"* = £ (Qo, Qp, P> P, Ao, H, R, ).

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

respectively, Pg and pp are the respective fluid densities, Ag 1s the total cross-



where QQ and @ are the quench and process fluid volune flow rates
"respectively, pQ and pp are the respective fluid densities, AQis the total
cross - 15 sectional area for flow of the quench injectors at the point(s)
of .discharge, His the height of the fluid | ayer on the collection tray of
*theé same phase as the quench fluid, R is the inner radius of vessel 15 and
r is any arbitrary radius less than Rlfeasured fromthe center of vessel
15. [0045] The function f is derived as illustrated in Appendi x 1.
According to the teachings of the present invention, the function f is

sol ved f orsettienal areseforfflow ofticduenehihjestdrs at the poings) af dischagye, d§iar e r oot
rati o bein qual go a_target value chgsen between 3 and 150. Hi gher

val ues shdng gqugtp thgdiwid layer-gipthecealieshian tiap i dhe pame phaseapdeat ur e

trol i t by i tant. Th I f r th . obtaiped,is th
cont o Syt RBHLE ik TR A0 TR s R SR BEE% 02
in order tRaPRUAEMUELHRANAT dhudfoftifsd1§achi ngs of the present inven-

tion, that is, to create the nost favorabl'e conditions for quench fluid
mxing. In this way, the first criteria for optimum quench injection,

nanely | o 579 TR | Id3tS el Ag t [ pr : I d
vel ocity, qg‘g‘nﬂbe Eg% ?ﬁditg%.ﬂ[god(%&gfﬁia?qtl g#%gﬁﬂ%@@%%i%g&tﬁﬁle@o%eni ngs

t hr ough t like mathiegtiofthd prgentanvelgors ithe fumtiontfad sbiwved foi firl waleé of adi us Ro
which is greater than the m ninum defined by Rcl as cal cul ated above with
respect t avhipl resultsin ¢he kimelig energarsqRarg ranslritio beingrasial toea targetivahug adi us

for locati t he quench injection point(s). In an eyent, the first and
third ori €OPICh opdesn & andolyfl chifgherya qq%é%loklkd)%q iEeeiER L APR IGhlONS o
i nj ected P B\M}h ' r: - RCi d . ch fluid
flows i n%%heg? Pg%tlﬁtr?%l C Ff??'@%ﬁr%?@&kﬁ%ﬁé“@%%@@éFI'(ng Jpar]{c])écggfsfs] uid flow
(i.e. substanéd B thy neinimanraddiust R, watiPwhill Qe&dncBihjectiBR $6Int&eRaidi ng t he
second criteria, quench mxing performance i s “~enhanced when the vol une
avai | abl e bedocatedimgrdex ¢e ebitiim thy beriedas of thedtadnngs 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 Rc, 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 Rg which is greater than R¢, and (ii) 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 fraction 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 1s application specific, but experimental results indicate an optimal value



total vol unme above collection tray 26. As with the kinetic energy square
root ratio used in the first criteria, the preferred volune fraction for
guench fluid mxing is application specific, but experinental results

i ndi cate an optimal value -16 between 0.03 and 0.45. A |arger value should
-be’'targeted in applications where precise tenperature control is
particularly inportant. The ratio of avail abl e quench m xing volune to
total volune is given by: VMVT=g(R r) Here, Rand r are defined as in the
first criteria and g is a geonetric function derived as illustrated in
Appendi x ZetByes 0108 agl 0.d6. théaryed vuethouldibectargessdiin spplicatiant ahges  val ue
of VM VT chosen between 0.03 and 0.45, the maxi numradius Rc2 w thin which
quench i njigeeise femperature sentel weiarbeulady ampedtant. nEhe fatd ehavailablaime f or

m xing results. between the quench inlets and the wall 16 of reactor 15 if
RO exceed<IUeBsh TsHHEY Ol KO JAUIDR 4 EREAYYSr 15 enpl oys openi ngs
through collection tray 26 at or near the center of the vessel and in
cases where baffles are not preseNw/ Vo ghB, Upper surface of collection
tray 26 to induce other than substantially radially inward flow, conbining

the first pad, RefRNGat detibl as if stk chitgia %ﬂﬁg!iéﬁ'g@@nfeﬁ% furegioRr ef erred

means of quench i1 njection is attained when the “injé&ction points are

| ocat ed i rdeaivedrae ilastreted i AYpandixMNIBefsot hirg fadihesyabie of eatidr retblts The
third criteria dictates that the quench fluid be directed substantially
radial |y dntatarget vabead] Viny scivwsendietween 8d3tandr).4ddthgimasmwn radiuguench
I njection,,in cases,. where process flui.ds pass throygh one.or re
contral |y BecutiBa which tsach iicarn sadiif pebRsgoy e otilaintll” spfiiedt  agi a
symetry ' ' . tew {

mul tiple cé)rll @glfgt%%ggﬁ %@%%aggg%?%{%&ké @iét%%izc_l par arl“lrfteltCl grdfgjc%a%@gry,
which is q&if@&&&dgﬁgi,us RO, dividing the vol une

[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, 1s approximately radially inward so that the path

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



associated with the outlets fromthe rest of the vol une above collection
"tray 26. Further validation of the concept cones fromthe fact that the
transverse flow crossing the circle of radius Ro is approximately radially
inward so that the path length followed by the fluid elenents can be
“paraneterized in terns of radius. -17 Recognition of these features permts
the above criteria to be extended to ~féactors and other vessels havi ng

ot her geonetries, and it will be understood by one of skill in the art
that the teachings of the present invention are not necessary |limted to
vessel s wiRecognitionl afrtheseofeatiges peromiss e abvye etitaia &) kssxtehded ass sections
or geonetries. [0050] For exanple, one possible alternative application of
t he presefR¢actors\aadiqther Yasyelphaxing other seametsiss gandit ovidli be wnderpopddiypal 1 ow

through collection tra 6. 1,S Vi g.openi.ngs di sposed near the wall 16 of
reactor 150€ Ioﬁ S[(Hf’élt Er%'et;%afh\?t%%‘gg? Btﬁ%prﬁggﬁéquéwnﬁ%@ggeqqsara woul d
be in the|csuELs. : ' ' from
t he rest o1 t eOd%gﬁ%%lﬁqﬁgwglr%@?%ﬁﬁgggSg@%ﬁﬁ?‘?&%@%ﬁ%&sﬁrﬁ gﬁ%ﬁéggbet ween
thi s caseoamrdoimb@icsase described above is that the cross-sectional area
outside of the boundary is related to the radius r in a different way and
t hus changes the functions "f" and "g" descri bed above accordingly. The

critical ¢E5]rai Fdrsexaimplbeony geskitile ialwﬂmiiv@raf)ph@mﬁﬁﬁéf thegjfBdemt Unchanged.
Quench fluid should be introduced in a |low velocity region ((KEQ KEp) 112
great er t hzwenBongnapdy aofintcobed ddsegn whetaimthg pivhaipakfjowl thtaugh 03 to 0. 45)
with a velogity substantially opposite that of the process fluid. [0051]
Accor di ngcpﬁeqt LN gi‘%&? Jrenings qipRRseAmean ‘f’iﬂgﬂﬁ qffeagppdesdn thys

determ ni t Lol ' LN} ' | nts _nmay, al $o_be applied
to inter E%S(f ’ @3%@’3‘5&% g&g?@%gﬁﬁgégorﬁte %égﬂﬁl@t ‘\k/ggl[dloé:)éai_n %lgchﬁgg Ogﬁe?cﬁ%r upper
surface ofi5. qel iy danayilAbe RIRYABE FRIMESSRsE bt dorRim R 4 eiéngr a
direct radial path to the openings in collection tray 26. I'n the case of a
spi ral babburday. iThe drdy diffemrpbe between this case and the case described above is

that the cross-sectional area outside of the boundary is related to the radius rin 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/K_EP)”2 greater than 3 to 150) of sufficient volume (V\/Vt equal to 0.03

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 € serves as a one-parameter



the 896 patent cited above, fluid is forced to follow a | onger path to a

- central opening, thereby increasing nean residence tinme on collection tray
26. As a result, extended contact between the fluids fromdifferent
regions of reactor 15 is attained. In this case, the angular coordinate 0
- sefves as a one-paraneter -18 boundary with which the fluid flow paths may
be parameterized, and along which thelPocation of the outlet(s) in the
collection tray nmay be defined. [0052] Anal ogous to the range on RQ
determined in the earlier exanples, a preferred range of 9Q for maxi num

quench ni Xdongdefyf wihiwieichshe €laid lew sia h@ﬁfﬁ‘yﬂﬁgpirﬁﬁleié}&eaphﬁ@hldﬂgf fle
configuration. This is illustrated in Figure shown in Figure 3(a),

t he cross-whichitonkicatipraffthe ovtlettsvetbecollomicmdrosmatyite defiledection tray is
between the spiral baffle 310 and the wall 16 of reactor 15 (or between
the inner and outer segnments of baffle 310) as baffle 310 winds to the

outl et. THB0¥ossAselgounad thd mwgavaR @dewrneddia the eardaryexampldiea

wedge- shaped area which forns the ceiling of the channel bounded by the
react or ware earﬁd range ohBe foomasimparqueach mixingelfegiveagoncan be angl e 9.

These are t ase, fungtions of _ Q0 rather than r as in the
previ ous gé]%qrdﬁggplrﬁgbéﬂwp ufﬂﬁ@“@pﬂiﬂﬁéﬁ’r il]ustrated lﬁrflwei?h A§e case

f [ f. d ed ab b
i r ot EheohrRd ihirdeu REGHE eI 3elRORT i B afpa et ARy S5 T © ™
sol ving f @pl1€&ion irhy AEEARRENYhe s;'ﬂ':ﬂadéfﬁe %@6 dndl tﬁswlm@sﬂ déast&rh%

ratio u3|ng a range of . nbi ni ng the first an econ

condi ti onsaeabedlmhetlnﬁemﬁ@ﬁef kegrﬁbntebﬁbafﬂe 310) asasddfle 36 wingk fgtheol une,

respectively, leads to the conclusion that the preferred |ocation for

quench i njogdlet. ohhe grass- saﬁn@mglfkwetmnsme diibaundedy anthew edge-shapeduench
fderowdlrect which is in

fluid being in 0 03| roces
the negati Jﬂtﬁ?}l fg’FmaP %E?l ‘BH q ih $ §PB§‘ ed By g reBE'@ét‘i‘éagP%ch%er se

flow wit h'pgrt? bPbaftR 410 e Oey%%(c:i%e ang e%lg'?hese areas, in this case, are

functions of 8 rather than r as in the previous examples.

[0053]  Determining the optimal limits on 8 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 V\/Vr ratio using a range of 0.03-0.45.
Combining the first and second conditions of low transverse fluid velocity and
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 1s 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 1s moving too fast at any location for



nore restricted width than when no baffle is present, the teachings of the
‘ present invention may, in some cases, show that there is no regi on above
collection tray 26 that satisfies the low velocity criterion. In other
words, it may be determned that the process fluid on collection tray 26
*is noving too fast at any location for - 19 favorable dispersion and m xi ng
of quench fluid to occur. As such, an"ddditional benefit of the pr esent
invention is that it provides a nmethod for determ ning whether spiral
baffling, or baffling of any other geonetry, actually adds a benefit in
quench ni pyrrablerdisperaion and moting cf@sshcinfual fouvdduer Asxsuehsaraddidonal

licati Mt iral bafflij b th | | ect] t .26, th
e ngs TBRetha SRR AR dn k! BV es o thador deisRbiRmEn w t n o
doubl e baf A | %5 ' ' f S_ P
Norber s 5. 905 S0, 28 bR, B oA Ry AZSERY SRy emlePlryT RETRUT ae e
col I ecti ofn Guact2mikingHFicady ophet t wo domai ns outside the radius of a

central opening through collection tray 26. This class of applications is
generally illustrated in Figure 4. In this case spiral baffles 410 and 420

separate fogss3vai As aaﬂakmey@kﬂéﬁﬁoh%gpbm;aaticﬁﬁ%itﬁ@bira%éfﬂﬂml - thd O

determne the first limt on quench injection |ocation, nanely Ccl, only
one of theoHettermtrani2osthededchings obtiei prese invidneionahayree engpldyahin at e of
t he quench fluid nust be halved in the calculations to account for being

equal |y diconaediBevithérdaubde bakle @Qﬁgllnﬁﬁgchﬁﬂ is dmﬂ(bﬁﬁtih,efoa@ﬁbﬂﬂ@kis pSal .
o | el o netaent on.
nanel y ok Aty ASEhERs 2 A BT e doag: 951 onib 11 20% ikt ek BRARS S a
single | erﬂEcﬁ&?trﬁg%% 3%93%‘15{?{% é??rclf(ﬁlgéjﬂ% Bﬂfs?ﬁeat‘flﬁ‘}?ﬁ%s JFQl deQf¥al | N9

ot herw se the sane procedure ove for e case or a single
spiral bafobbging thrivgh @leOfos aryls. dERRIOARE appliPAticisl iy geherallyni t s define

a preferred range of angle between 1 and 6 radians. As with the previously
descri bed ilélﬂﬁit&!ﬁ‘Cﬂﬁthurtt j dotthiscashspiral Haéflesyhl hand #R@ s¢parateche tabailpr ocess
fluid able volume into two identical half-domains. To determine the first limit on

quench injection location, namely 8¢, 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 6¢, 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



resulting in a preferred direction which is in the negative angul ar

direction in Figure 4. [0056] The doubl e spiral exanple above denobnstrates

how nultiple paths to the outlet can be treated. Simlarly, multiple

openi ngs through the collection tray 26 can be anal yzed even when they

" cannot be grouped within a sinple -20 gﬁundary as described in the cases
paraneteri zed by radius. The domain should be partitioned according to a

curve dividing the transverse flow anong the outlets. The fraction of

quench to each outlet is determ ned by the |ocation of the injection

neans. |t bogndayiaselegcribed inathgpasespparametdreredduomndivsy Thoudomald shouldise of a

spatial coordinate as the single paraneter defining both boundary and flow
pat h. Homg’wﬂ,m‘il?m?‘@a%mﬁyg “bgscélr%r div ngd@%fnapyvqr%ﬁpwn@agpgﬁaﬁ h within
the donmai d | ' a th. In.fact, for
the case o ﬂg‘%‘ ﬁ%{?gﬁ‘%@ﬁﬁ%ﬁﬁﬁ e%éﬁggﬁgﬁgié?e?%rﬁﬁg?%Eﬁi@%ﬁoﬁﬁlﬁn iog a radius
fromthe end Rliedttn medds. (Ris Mikdy tha 4 Rugiglalou eyga?ﬁ&ﬁ&%lﬁ@)apo@f) radi us
and arc | engt paraneterization are the sane. [0057] The actual neans of

i ntroduci nee gfiesphtidllcvoddiaeearsdhagingbe plvamdieaddfingg both bivendure sadt

i nvention may take several forns as described in the follow ng.
enbodi nenfloW patht Hdawewstalips abvaysirossibin by idestily thelopgesimadewdthin thed s in

dially.i d,di ti i pl yi t hat, t h h I t f 1 ow
Cubet ant i APIHT B eR g p e P BnelEiata hantaLey 15 R iR dh Esseflan | on
Ca S _ 48
cont ored frocra ReIEhPHRE g boRIED TR oo PRI T2 LS HBM MRRER BalICT (o

the ni ni mig(aeR) ustheRateenali botindagy @t R PRl dndrao®nhgr! | ection tray 26.
[0058] In yet another enbodi ment as shown in Figure 6, quench fluid enters

t hr ough apbraamese@zatpinparedhgsambut or 655 and 656 having two arns (al t hough
additional arns nmay al so be used) where the radius RQ to which the arns

[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
is in a radially inward direction implying that the quench should enter flowing
substantially radially outward. In one embodiment of the present invention, as
1tlustrated 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 yet 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 Rg, to which the arms
extend, exceeds the radius R¢ 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 Rq greater than
the minimum radius Rc encircling all openings in the collection tray 26.

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



extend, exceeds the radius Rc encircling all openings through collection
“tray 26. Alternatively, as shown in Figure 7, quench fluid may be
i ntroduced through several inlets froma nmanifold, duct, or ring which has
a radius RQ greater than the mninumradius Rc encircling all openings in
“the collection tray 26. Preferably, ;2 this enbodi ment, the inlets direct
the quench fluid horizontally -21 outw la in opposition to the transverse
velocity of the process fluid which is substantially radially inward.
[ 0059] The above di scussion of the present invention describes the optinma
pl acenent catwarskinceppasitiarsto thowaneverse velgichtly diahe posess flaill bhidng of skil |
in the art that hggé chi ngs, of the present invention are not limted
thereto aﬁﬂbﬁﬁﬁnaéﬁ %ﬁyiqﬂﬂﬁhion may be applied to applications in which
any connecting neans is used to connect one or several entrance conduits

to a plurall of fnlets thus .located. The teachings of the present

i nvent i on?@)&sﬁot Tbﬁag?\é‘: fisgEssign0 %@E%Qﬂ[ilﬁﬁm&%%’éb@%wn@lor

di sposed i ' n l to ptical i Qr angl es
1 sposed cAilerhBr HhEHIPIIRN R L WA il b Lo RE n e 20
the consi derahi 0@ texdhiffs 9f the 265 Y RASiohQAr& A8t Biniklithbretahdifhe art, that
substantially equal quench flows fromeach of the inlets is preterred.
[0060] Therésent owengonh aidyebpappsliot © appliwationd acwhivh aiecusineniing Agans

performance for the invention, with quench injectors extending to various
di anet er s 15 Biedf l0,GOANBHIORE PInGE VEBH gnirapesscondiiisudadplieality ofpaleissbns ar e t he

di i njection device and th e formed bet th
"y oct ed doReh TR trelh i sing st Rentol o ARt BquisubeL el naosie o 1 y

at the POy nfbnk B SGhiniric ol MiedoSBR I &y Bhoticifhr MAtfer iS1afig 1Otk as_100

| ess the standard deviation of tracer centration, éxpressed as a

per cent ageridtal fadiirsranglegniesiniiatd anacdor@ifcel With the amll s laesaineans equal |y
spaced around the perinmeter of the reactor 15 bel ow the m xing chanber 35.
For the opercan,axgcpofudithé cossiderdtiorawhimh widhbé ghviaus om one ef 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 1s 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 R¢; equal to 49.0 inches. As can readily be seen from a
review of the table, a definite benefit in quench gas mixing is observed only
when R¢; < Rg < Re; and the quench flows in a direction opposed to the process
fluid.



to obtain the data in the table, the analysis taught in the present
“invention defines the critical radii for optinmal |ocation of the quench
injection points as Rcl from 23.0 to 23.9 inches and RC2 equal to 49.0
inches. As can readily be seen froma review of the table, a definite

" benefit in quench gas mxing is observg? only when Rcl < RQ < RC2 and the
guench flows in a direction opposed to“the process fluid. 22

Descri pti onQuenchAngl eQuench Runof Quench Fluid RQ Rcl <RQ<RC2Z(up, uQ

M xi ng I njection MeansPhase(inches) (degrees)Index 972-Arm

Di stri but or GAS2. 25NC&8090 (as in Fig. 5) 982-Arm Di stri butor GAS6. 88NO1L8091

wi th Sl ott gd—Enrd—Capns—FICent+a Bst++-but-or-GASS—0O0NA3O080—wi-t-h—No—Ar ns
1058- Ar m Di|st ri tu@%@’t’@émsggg i nilar fo Fig. 6)| 162slear ffouench

Di st ri but or| GAS17. 06RO8SNCR t h d EnBe and Nozzl es| al(opg,) | Mixing
Run | Injection Means Phase | (inches) |R¢<Ro<Res| (degrees) | Index

97 {2-Arm Distributor | GAS 2.25 NO 180 90
(as in Fig. 5)

98 |2-Arm Distributor | GAS 6.88 NO 180 91
with Slotted End
Caps

71 |Central Distributor{ GAS 8.00 NO 90 80
with No Arms

105 |8-Arm Distributor | GAS 9.00 NO 180 88
(similar to Fig. 6)

102 |2-Arm Distributor | GAS 17.06 NO 90 91
with Closed Ends
and Nozzles along
Length

103 |2-Arm Distributor | GAS 18.38 NO 0-90 90
with Closed Ends
and Holes along

Length

106 |2-Arm Distributor | GAS 25.38 YES 180 95
{as in Fig. 5)

99 |2-Arm Distributor | GAS 49.38 NO 180 90

(as in Fig. 5)




Lengt h 1032- Arm Di stri but or GAS18. 38NC0- 9090 with Cl osed Ends and Hol es
“al ong Length 1062- Arm Di stri but or GAS25. 38YES18095 (as in Fig. 5) 992-Arm
Di stribut or GAS49. 38NO18090 (as in Fig. 5) -23 Appendix 1: Derivation of
First Criterion for Preferred Quench Injection Location(s) The foll ow ng
"derivation leads to the first criteriopg,for locating quench injection
point(s) in a reactor where the openingé t hrough the collection tray are
substantially in the center of the collection tray. This criterion requires
a relationship between radial position fromthe reactor center and the
kinetic energy square root ratio gippemdigliench fluid to the transverse
fluid flow, Be-.t' 11 . The
ki neti c energy-of-s : e sTes *-city p and
the fluid velocity v squared The fluid veIOC|ty Vis the quotlent of the
fluid volunme flow rate Q and the cross-sectional area for flow A. Thus in
gener al t Mhekfotieting defedtinh lhdatd thei fiksséfiRaionKbr iccating@iehYh injk&mY = A
For the quench fluid, the kinetic energy at the point of |nject|on KEQ i s
based on Poh¥(s)dn areadtpowhera the@penirigs thrgushtthe cqllectiin frayiack density pQ
and the c

sugstantlally 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,

(KEQIKEX)“Z. The nomenclature refers to Figure 2.

The kinetic energy of a fluid stream is 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:

KE = pv? = p[%J

For the quench fluid, the kinetic energy at the point of injection KEq is based on
the volume flow rate Qg, the injected quench fluid density pg, and the cross-

sectional area of the quench injector(s) Aq:

KE, = pg(%?—]

Q

For the transverse process fluid flow, the kinetic energy KEy 1s dependent on
radial position because the volume flow rate Qx, the fluid density pyx. and the

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

B 0,(nY
KE,(r)=py (r)[—AX (?‘)J



sectional area of the quench injector(s) AQ KEQ = pQ Q AQ | For the
“transverse process fluid flow, the kinetic energy KEx is dependent on
radi al position because the volunme flowrate @, the fluid density px, and
the cross-sectional area for flow Ax all vary with radius: KEX(r)=pX(r) X

"(r} Ax (r) -24 Since the prevailing (1i4rection of the transverse process
fluid flowis horizontal and radially“'nward, the cross-sectional area for

flowat a radius r fromthe reactor center is a circular band of radius r
and height H where His the _he{é%ht of the fluid |ayer of the same phase
as the querisée theprgvailing ditestiquneidhe fransversespracespfluid flowss hhazomiabht  of

the liquid layer on the,collection tray. If the quench fluid is gas, His
t he hei ght? r%‘%aluﬁemm%it egiﬂsﬁééén‘é?ﬁt%%a @mtﬁ]%taiaﬁa@may franghe “undersi de

f th Noldl| f : . — .Th ;

o1t B AP PR A s uapl L LAY aetndibhy A, S PO hegRP¥Es

assumed t QhOelidiRet 8€ il satnd FRAsESasAhE §hlhicH hgm. reIf Eiett@.e&@ﬁtﬂdia%ction of
Q which en e col

the process flow ers the space above t ection tray at a

radi us grleptiérHthee keighdoff the Bisuid wed oachesellédibn @ah. UK the igaengach t he
centrally located openings in the collection tray. Since the process fluid
i s assunedluid iegasH inihe hepghd dromdhe lignl sufacecm the collagtion oay theheat al yst

support gruln(rj:leysri]cliéc of meyca?a'{lys?tl slupport grid). Therefore:

A, (r)=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) is then:

0, (N=0,+0, 52

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:

PpQp + Pp(Qp 52
Py (r)= e A(r)AT
Qo +(Qp




points, the fraction of the process flow entering outside the radius r is
“the total flow Qp nultiplied by the ratio of the cross-sectional area
outside the radius r, A(r), to the total reactor cross-sectional area, AT.
The transverse volune flow rate Qx(r) is then: A(r) X(r)=Q+QP AT The
"density of the transverse fluid flowp ﬁr) is an average of the densities
of the quench and process fluids, pQ and pp respectively, weighted
according to their volunme flow rates across the radius r: PQQQ +PP(QP
AAT)) Px(r)- Afr) Q +(Q - ) -25 (A nore rigorous nethod may be used to
det er m ne (fxmigye Hgevstinadiotignay he ussdiaudeteohmege; biyiaccountingifogther ot her

t her nodynam, c COﬁSi der,ations as an ancenent to the first criterion for

en
| ocating t1PAURG&RRRES ARG IQ MIRng AT fthen thermadyRamigGoRgideFtIang a8 @ or egoi ng

() Pooo SrBpgasmiht RS bl uesiin KFibEdin e RiealTnbigor it 01 ot s

the radi al dependence of KEx to the variation in cross-sectional areas

A(T) and Ax{divu ethreltﬂr\@srfg}el g%%@%?iogg’in%ﬁﬁggggxsésgiioﬁsfop %%’E% ﬁgl’dsfand the

total reactor croSs-sectiona are

KE =
X(r) px (r{Ax(r) QQ+QP A;:J Ax (r)

Oy (")}2 _ pQQQ +pPQPi,:.rL)[QQ +QP A,i—:)]z

This isolates the radial dependence of KE 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 A are fixed.

The desired ratio for the first critenia is then:

ool 22 2
KE, °l 4,
KE, (r) W 0,0, + 0,0, 52 0y + 0, 52 ’
O, +0» A,::] Ay (r)

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

term, combining powers of the common term 1in the denominator, and dividing

numerator and denominator by QpVpe:



The desired ratio for the first criteriais then: KEQ KEx (r) PQ Q AQ A(r)
cPOQQQ + PPQP AT) 1 QQ + QP Ar + QA(r) QP A, AX(r) 1 This expression my
be sinplified by distributing the square root over each term conbining
powers of the conmmon termin the denom nator, and dividing nunerator and

" denomi nator by QpJpp: -26 Q KEx (r) Alu);s_A(r) /| PQQQ + PPQP AT QQ + QP Al

(qg)+q3 A(AT) Ax (r) PQ Q@Q Ax (r) QA(r
r

P QXQ + PPQP AT QQ + QP PQ QQ Ax

Qo
KE VPo >

0 _ e
KE, (r) £o0p + 0,0 %[“:“) g, +0p AA(_,I.)
Qo +0; Az:;” Ay ()
o
KE, \/EA_QAX "

KE (r) \/‘OQQQ +PpQs AA[—;)‘\/QQ +0p 4

\/E o A, (D)
KE, _ P, 0n A
KE, (1) \/P_&g+@‘j9_e+@

PrQp A Y QO 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 is a ring-shaped
area given by:

AN =x(R*-r")

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

Ay _mR-r’y_ | (rY
A, 7R’

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

\/;:ZQ 0, \27RH
KE, ool Cr | 4

3
el

dEzaine
PrQs R O R

KE,
KE, = 8(Q5.Qp-Pp-PpAg-H.R,7)

Oor:




FKEQ PP QP AQ KEx (r) pQXQ A(r) FQ A(r) PPQP + AT AT Al r) AT The total
" cross-sectional area AT of a reactor of radius Ris given by: AT = rR
The cross-sectional area A(r) outside a radius r fromthe center is a
rifng-shaped area given by: A(r) =7r(R - r2) . Thus the area ratio in the
" denom nator of the kinetic energy exprg;sion Is: A(r)-rr(R2-r2)-1- r )2 AT
TrR R Therefore the ratio needed for the first criteria may be witten: A 2
KEQP P Q Aor: KE (r) " PQQQ +1- r QQ/+ir PPQP R QP R KEQ J Ex =
g(QQ,QD.P%pP,,AQ,.H,R,_r) . PQ g%ZZrR
mente

he criterion 1s imple y nserting the values of reactor radius R, quench

injector cross-sectional area Ag, height of fluid layer of the same phase as the
quench H, quench volume flow rate and density Qg and pq 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.



| -27 The criterion is inplenented by inserting the val ues of reactor
“radius R quench injector cross-sectional area AQ height of fluid |ayer
of the same phase as the quench H, quench volune flow rate and density QQ
and pQ respectively, and process fluid volunme flow rate and density Q and
" pp respectively, yielding an expressi?ﬁ for the kinetic energy square root
ratio as a function of radius r from tHé reactor center only. A desired
value of the ratio is then set and the value of r found which matches the
target ratio. -28 Appendix 2: Derivation of Second Criteria for Preferred
Quench Injection Location(s) The foj\_mmﬁm@g_derl vation leads to the second
crlterlaforﬁ i areator Wneethe
openi ngs t hr ooghrtie 5 L ~OCRUONS) cent er of
the collection tray. This criteria requi res a rel atl onshl p between radi al
position fromthe reactor center and the ratio of the volune available for
quench m Xihegfollowihg derivatiory Wadseo thé\¥Tond crildiia fRtletati dwdacRbove t he
collection tray is the product of the total cross- sectional area AT and

t he hei ghtinigctigy poAfSHin awpadter Wh@rdiéllegmenmgssthmugdartbeet)ﬁdcmn tray ampect to
the fluid of the hase a uench flujd as iin Appendix 1. In a

th
reactor ofY ?tflﬂwlz)?"bﬁhg n?é@? %C&é Uy g2y Jﬁl]wmen% FRWERS A
Cross- Sec%l%ﬂ@hshlﬁrb%?w@é-% fa%hzﬂ'p\f)@ﬂlow frof% the’ regqor center and the ratio of the

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 At 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 is given by:

A, =aR*
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:

w = ANH .

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

AN =m(R*-r?)



The vol une avail able for m xi ng between the reactor wall and quench
“inpection point(s) located at a distance r fromthe center is the product
of the cross- sectional area outside the radius r, A(r), and the height H
V,.., = A(r)H . The cross-sectional area A(r) outside a radius r fromthe
center is a ring-shaped area given by, ,A(r) =z(R2 - r 2) . -29 The ratio
of the volune available for m xing to‘?ﬁé total volunme is then given by:
VMA(r)Hir(RRr'") - r )2 VT ATHTLR? -1- Ror: Vr VM= g(Rr) . The radia
| ocation corresponding to a desired ratio VMNT is obtained by solving the
above equakheoiatip® thg Rolurne gvaijahie éxampiiag t¢ the totdlyodeme ne thenhgiver bg: vol une
avai l able for mxing be at least 20%of the total .available volunme, VINT
is 0.20 and the above equdii omi(diit aré8” ~rhat ,r R Equals 0.894. Therefore

t he quench injection Iocam@oﬁ(g}Hsﬁbulque [oda gd|inside a circle having a
radi us equal to 89.4% of the reactor radius. [0061] The foregoing

di scl osurgyrof the preferred enbodi nents of the present invention has been
presented for purposes of illustration and description. It is not intended
to be exhaustive or to limt the i#engimpyto the precise forns disclosed.
Many variations and nodifications Bf the enbodi ments described herein wll
be apparent to one of ordinary skill in the art in light of the above

di scl osure. The scope of the invention is to be defined only by the clains,
and The radial location corresponding to a desired ratio Vyy/Vr is obtained by solving

the above equation for r/R:

Thus, for example, if it is desired that the volume available for mixing be at least
20% of the total available volume, V/Vy is 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.

[0061] 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.



by their equivalents. -30 CLAIMS: 1. A mxing systemfor distributing vapor
“and liquid across a reactor, conprising: (a) a reactor vessel defined by a
reactor wall; (b) a collection tray for receiving vapor and liquid; (c) at

| east one quench injector for introducing quench fluid into said m xing
system at a | ocation above said coIIec%’on tray; and (d) at |east one
conduit extending through said collecti'on tray into a mxing chanber for
permtting the flow of fluid from above said collection tray and into said
m xi ng chanber; wherein quench fluid is introduced into said m xing system
by said atChal¥S:one quench injector at at |east one injection |ocation
wherein the kinetic energy of the quench fluid at said at | east one
injection location is greater than the kinetic energy of the transverse
process fluid fi-oft BEXiSgisystem faadistrbmang ijaper amhlltlm;gadrom a peaclfe ni xi ng
systemof claim1l wherein said at |east one injection location is selected
such thatcﬁﬁgnﬁ?%%tic energy square root ratio of the quench flow and
transverse process fluid flow, (KEQ KEx)"2, is in the range of 3 to 150. 3.

The m xi ng system of claim | ein said at |east one injection [|ocation
is at a point v(ﬂjncﬁr?gﬂ%ﬁ%tstsgﬁg%rﬂﬂﬁgn%aﬁac Orn‘i"ﬂﬁrrum radius, rcl, fromthe
center of said reactor vessel. 4. The m xing systemof claim3 wherein said
at | east one IE{) Ctio@ tI.oc?tign is at a EOi nt .ich_is out side of a radius
defining a cir WHPCREAEh Y AT TEEPIVIRG VERTAN Pt s ext endi ng t hr ough
said collection tray. -31 5. The mxing systemof claim1 wherein the
quench fluid | e nla?ﬁ:ragtdoﬂenquench injector for introducing quench fluid into said

mixing system at a location above said collection tray; and

(d) 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 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.

2. The mixing system of claim 1 wherein said at least one injection
location is selected such that the kinetic energy square root ratio of the quench

flow and transverse process fluid flow, (KEQ/KEX)”Z, is in the range of 3 to 150.

3. The mixing system of claim 1 wherein said at least one injection
location is at a point which 1s located outside of a minimum radius, r¢;, from the

center of said reactor vessel.

4. The mixing system of claim 3 wherein said at least one injection
location is at a point which is outside of a radius defining a circle which contains

all of said conduits extending through said collection tray.



a direction which is opposite that of the transverse process fluid flow 6.
The mi xi ng system of claim2 wherein the quench fluid is injected in a
direction which is opposite that of the transverse process fluid fl ow and
wherein said at |east one injection location is at a point which is |ocated
outside of a mninmumradius, rcl, frq?It_he center of said reactor vessel.
7. The m xing systemof claiml1l wherein'said at | east one quench injection
|l ocation is at a point in which the ratio of quench m xing volunme to total
volume, VM VT, is in the range fromO0.03 to 0.45. 8. The m xi ng system of
claim7 wherein said at | east one quench injection |location is |ocated

i nside of a maxd.mFhermibing systed of ¢laim tiheheeit dre qfenchdhuid iehgéned uessel .

9. The m xing systemof claim|l wherein said at |east one quench injection
| ocat i on i&dipetHimWAIChos @Ppesiie Bt 20 tacairanBeseairocess fluidiflawvof sai d

reactor vessel. 10. The m xing systemof claim1l wherein said at |east one
quench injection _|ocation conprises a plurality of quench injection
locations. 11. Ghdhenu¥ige sysesneioglaim 3i wherehdequench dluid ésveiedteding i s
injected in, a direction which |,s opposjite that of the.transverse process
Fluid 11 ovt dirsetion whighas obposics thar oF e twpmiversmaperss P diGW 2ng sy st em
further i ] rit| f : . i

col 1 ect i or 1oy 43t osSPghe RREUKRHOLERN R BoihP BRI 3R A00KEe SEiup
vertical bgfd inéninsurd rading ad-,, fethfthe cafidr whedidirdaqat degqdtl.| east one quench
injection location is at a point which is determ ned by an angul ar

coordi nate boundary, 0. 14. The m xing system of claim 13 wherein the
quench fluid is7.i Meahedng spstamdfr daim ¢nvkidreinsdid aoRpOSoReqidiRh of the
transverse process fluid flow 15. The m xing systemof claim1l wherein

sai d at | damctigndoeptismcis at a point in which the ratio of quench mixing volume to

total volume, Vy/Vr is in the range from 0.03 to 0.45.

8. The mixing system of claim 7 wherein said at least one quench
injection location is located inside of a maximum radius, s, from the center of

said reactor vessel.

8. The mixing system of claim 1 wherein said at least one quench
injection location is within a zone between 20% and 90% of the radius of said

reactor vessel.

10. The mixing system of claim 1 wherein said at least one quench

injection location comprises a plurality of quench injection locations.

11. The mixing system of claim 9 wherein the quench fluid is injected in

a direction which is opposite that of the transverse process fluid flow.

12. The mixing system of claim I wherein said mixing system further

comprises at least one vertical baffle located above said collection tray.



injector conprises a piping tee. 16. The m xing systemof claim1 wherein
sard at | east one quench injector conprises a branched pipe distributor.
17. A mxing systemfor distributing vapor and liquid across a reactor,
conprising: (a) a reactor vessel defined by a reactor wall; (b) a
“collection tray for receiving vapor ang liquid; and (c) at |east one quench
i njector for introducing quench quid'i%fo said mxing systemat a

| ocation above said collection tray; wherein quench fluid is introduced
into said mxing systemby said at_ | east one quench injector at |east one
i nj ection | ocatidn Thednuing systemeaf qlaias 12 ovhereinj said verical baffleiisn spsraht a

poi nt whi ch S | Qcat ed. out si of a mnipqjumradius, rci., fromthe center
of said ri&éﬁ%@@é@?@?mﬁbg f‘ﬁ@?ﬁé"@fq%n FRIEHOR g%atﬁ@nr‘@?“llpe’rﬂ[t Renter
of saidr ] X m@f claim17 wherein the
guench fIﬁ?ggﬁwﬁﬁg %%g%ﬁg%aﬁ&é@p?&%@ﬁﬁ%al s opposite that of the
transverse process fluid flow - 33 19. The m xing systemof claim1S

Sauare root ratlh aRqURpeyel of deinf ShaVBrel P sbir MG SRRl = oY

(KEQ KEX) 42, dijre%tm_t»gm@hq_s bﬁﬂ@ﬁtefﬂlﬁﬂbismte%zﬂré@ersé&mﬁﬁ ﬂﬁi&ﬁ%.syst em of

claim 18 wherein sai maxi numradi us, rc2. iIs ived such that the ratio
of avail abl e quench m xing volunme to total volune VM VT is within a range

from0.03 and 0.%45The mixing system of claim 1 wherein said at least one quench

injector comprises a piping tee.

16. The mixing system of claim 1 wherein said at least one quench

injector comprises a branched pipe distributor.

17. A mixing system for distributing vapor and liquid across a reactor,

comprising:
(a) areactor vessel defined by a reactor wall;
(b) a collection tray for receiving vapor and liquid; and

{c) at least one quench 1njector for introducing quench fluid into said

mixing system at a location 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 is located outside of a minimum radius, r¢,, from the
center of said reactor vessel and inside of a maximum radius rc, from the center

of said reactor vessel.

18. The mixing system of claim 17 wherein the quench fluid is injected

in a direction which is opposite that of the transverse process fluid flow.
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19. The mixing system of claim 18 wherein said minimum radius, r¢, is
derived such that the kinetic energy square root ratio of quench flow and

transverse process fluid flow, (KEQ/KEX)”E, is within a range from 3 to 150.

20. The mixing system of claim 18 wherein said maximum radius, rc,_is
derived such that the ratio of available quench mixing volume to total volume

Vm/ V7 is within a range from 0.03 and 0.45.



